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Preface
2 This report applies existing pneumatic transmission
;g line theory to predict the frequency response of a portion

of the air supply ducting of the Aeropropulsion Systems Test

Facility (ASTF) at Arnold Engineering Development Center

-l ., s

(AEDC), Arnold AFS, Tennessee. The purpose of this thesis a

was to conduct an experimental investigation on a scale

model of ASTF to verify theoretical results for frequency

ey

response of this large, complex system of fluid lines. The
verified program was then run on representative ASTF

configurations to determine typical ASTF frequency response.

< " 2 W

. To achieve this result, the computer program

A originated at AFIT by Miller and modified by several others

was adapted to the dimensions of the scale model and the

i computer results verified by experiment. Computer results

for the ASTF configurations were then obtained and analyzed.
I would like to express my appreciation to Dr.

Milton E. Franke, who introduced me to fluidics and

suggested this thesis topic. His assistance and guidance

throughout were invaluable.
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; Mr. John A. Brohas has my undying gratitude for

2 building and helping design my experimental model. This

; excellent machinist constantly kept me out of trouble with

: his helpful suggestions and timely work.
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. The gynamic response of a scale model of the

'E Aeropropulsi;n Systems Test Facility (ASTF) air supply
ducting was determined experimentally over a frequency range
L from 20-200 Hz. Blocked lines with no flow and orifice

o terminated lines with a mean flow were used. The experi-

— ments examined the effects of signal input on three

different lines and of using different size venturis. Gain

and phase were measured upstream of the venturi and at the

-J:_b' ' A

end of the line. .

.
—

;S Theié;gérimental results were compared with the :
‘i ( results of a computer program based on Nichols' theory as .
. ii’ modified by Krishnaiyer and Lechner: With few exceptions,

? the gains were predicted wiéﬁfﬁizg'dB, and phase angles

'ﬁ withi%iiib%.‘ This agreement between theory and experi-

. ment verified that the theory can be applied successfully to :
j: large, complex systems and that the computer program was E
;E running properly. E
: The verified program was then applied to the full- 7
'§ scale ASTF air supply and results analyzed. The ASTF

EE results show higher gains at low frequencies and no reduc-

-: tion in the average gain with frequency. This was as

f expected for the large ASTF ducting, which ranges from 4-22 .

ft in diameter,
N (. A
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DYNAMIC CHARACTERISTICS OF A JET ENGINE

TEST FACILITY AIR SUPPLY

I. Introduction

Background

During the past 35 years, many investigators have
attempted to model the dynamic response of fluid
transmission lines to sinusoidal acoustic signals. The
theory developed by Iberall (Ref. 3) and simplified by
Nichols and Brown (Refs. 1, 10) employed a linearized theory
analagous to electrical transmission line theory. These
equations accurately predicted the frequency response of

‘.’ lines of constant circular cross-section by modeling the
signal as a one-dimensional plane acoustic wave. Several
studies employing this theory have shown good agreement with
experimental results for blocked, cascaded transmission
lines (Refs, 2, 4, 8, 9, and 11).

Subsequent approximations to Nichols' equations by
Krishnaiyer and Lechner (Ref. 6) extended the accuracy of
predictions to lower frequencies. Krishnaiyer and Lechner
also obtained good agreement with experiment for fluid lines
with mean flow by modeling the impedance at the end of the

line as the DC resistance.

"t L S TP T e L N
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Miller (Ref. 9) developed a computer program based
on Nichols' equations and Krishnaiyer and Lechner's
modifications to predict frequency response. It has since

been modified to accept a variable number of cascaded fluid

j lines, both series and parallel (branched).

o)

e Aeropropulsion Systems Test Facility (ASTF)

;f The Aeropropulsion Systems Test Facility is a

iﬁ revolutionary jet engine test facility being built at Arnold

:& AFS, Tennessee. Rather than taking the conventional

§5 approach of testing jet engines by stabilizing on one test

*ﬁ condition and taking data, ASTF will be able to run through

A a range of test conditions and simultaneously gather data

:g without the need to allow the test conditions to stabilize.

:ﬁ LN ASTF achieves this real-time control of test conditions via
y ‘, a feedback control system employing large butterfly-type

{ﬁ valves. Using heaters, compressors, and turboexpanders,

2 ASTF creates four separate flow legs with different !
" pressures and temperatures in each leg. The control valves

g% then mix these flows in varying amounts in a mixing plenum

:3 to create the desired temperature, pressure, and flow rate

e at the test cell. A steady-state flow analysis has been

:J performed on the ASTF air supply, but no frequency response

;; analysis has been done to date. No problems are

3R anticipated, but due to the transient nature of the system,

25 some significant disturbances could be generated by the

3 ,
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control valves or the rotating turbomachinery. Thus, there
is a need to study the frequency response of ASTF to

determine its dynamic characteristics.

Objectives

Since the previous experimental results obtained at
AFIT were for small fluid lines, typically smaller than an
inch in diameter and 20 ft in length, some data were needed X
on an intermediate size system of greater complexity in
order to obtain confidence in predictions on an ASTF-size
system. Toward this end, the following objectives were
established:
1. vVerify that the existing computer program could
be used to accurately predict frequency response
of more complicated systems by:
a. Building a physical scale model of the ASTF
air supply.
b. Conducting experiments to determine the
frequency response of the model.
c. Obtaining good correlation of experimental
and computer program results for frequency
response of the model.
2. Adapt the verified computer program to predict
frequency response for the full-scale ASTF

system by: X

...............



a. Studying the scaling effects to determine

the applicability of the one-dimensional

2,

theory to the large ASTF lines.

b. Running the computer program using typical

OO
oTatalatel
»

b
[

ASTF conditions and summarizing results.

Approach

To accomplish these objectives, the model will be

el

;l’:l

scaled differently relative to diameter and length of the
ASTF air supply because of material availability, cost, and
! laboratory space limitations. The lines will be made of
flexible plastic tubing and coiled to conserve space. The
diameters will be scaled 236:1 down from the ASTF line

diameters so that available plastic tubing can be used. The

ALY,

&’ ASTF lengths will be halved to conserve space and fit

available tubing lengths. Only three of the ASTF flow legs

.

will be modeled because Leg 4 is seldom used.

ta’s

oyl

The computer program as modified by Malanowski
(Ref. 7) will be adapted to the more complicated set of "

series and parallel lines in the experimental model. Tests .

W-’.

will be run to determine experimental frequency response

R

and the program will be run to plot these experimental
§ results vs theory. f
o
The verified program will then be used to predict

¥ results for the ASTF dimensions and several runs will be

5o 4

L & B
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; made under typical ASTF test conditions. These results will

A

[A
4:1
1/ .

be analyzed and recommendations will be made concerning

their applicability.
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II. Modeling

The ASTF air supply and test cells are shown in Fig.
1. The physical scale model was designed to represent the
outlined portion of the ASTF air supply including three of
the air supply legs which feed the mixing plenum, the mixing
valves, the mixing plenum, and one of the test cells. A
close-up of this portion of the system is shown schema-
tically in Fig. 2. The dimensions are shown here and in
detail in Appendix B.

Figure 3 is a schematic of the physical scale model,
and Figs. 4 and 5 are photographs of the actual model. The
three input lines on the model correspond to legs 1, 2, and

3 on the ASTF.

Lines

The lines in the model were scaled to half the
length of the ASTF lines and were coiled as shown in Figs. 4
and 5 to fit in a reasonable amount of laboratory space.
Preliminary computer runs with full and half-length lines
showed the frequency response curves to be similar, with the
harmonic frequencies doubled in the half-length case. Thus,
half~length lines could be used to model full-length lines.

if this factor were accounted for.
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The diameters of the model lines were scaled down
roughly 236:1 from the ASTF lines, with the 1.117 in
diameter model lines corresponding to the 22 ft diameter
ASTF lines. These diameters were chosen based on available

tubing.

Pneumatic Signal Generator

A pneumatic signal generator was used to input
sinusoidal pressure signals to determine frequency response.
This generator employs a piezoelectric flapper valve which,
when driven by an AC voltage, oscillates at the AC frequency
of the input voltage. The valve superimposes a sinusoidal
pressure signal on the flow through the valve. This
pressure signal was then input to the model through lines 1,

2, or 3 (Fig. 3).

Valves

An alternate method of simulating disturbances
introduced by the mixing valves was a simulated valve
arrangement consisting of an AC motor and adjustable cam
driving two 0.62 in diameter butterfly valves (Fig, 6).
This arrangement allowed the valves to oscillate from 0° to
+24°, The valve frequency was 1/30th of the motor RPM.
As flow entered line 2 or 3, the valve, oscillating back and
forth, provided the appropriate area change to create a

pressure signal on the mean flow. The signal created by
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the valves was unsatisfactory for determining frequency
response, and these valves were abandoned in favor of a
pneumatic signal generator. Chapter VII reports the

results of measurements made on these valves.

Venturis

The venturis in the ASTF test cell are shown schema-
tically in Pigs. 7 and 8. Any number of the venturis can be
closed off at any time, but the éell normally operates with
either two or nine open.

The open venturis were modelled experimentally as a
single opening with a diameter diameter corresponding to the
open area. The area ratio between the venturi and the 22 ft
diameter duct was matched in the model. Since the area
change through each ASTF venturi is small relative to the 22
ft duct, the use of a straight tube to model the converging-
diverging venturi was considered justified. The throat
diameter of Venturi 1 corresponded to the ASTF case with two
venturis open, while Venturis 2 and 3 represent nine open
venturis in the ASTF case.

Since the model venturi was to oe half the length of
the ASTF venturis, but only 1/236th of the diameter, it was
impossible to model it exactly. The two venturi models used

are shown in Fig. 9. Venturi 2 is at the throat diameter

14
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for most of its length while Venturis 1 and 3 have only a

AR

X ~ﬁ§ short throat. These two venturi models also appear in Figqg.
5.
N Flow Straightening Grids

The ASTF flow straightening grids and Foreign Object

: Damage (FOD) screens shown in Fig. 7 are honeycomb-shaped
§ passages made of thin sheet metal which serve to create one-
> dimensional flow into the engine and prevent engine damage.
b The model uses 1/16 in thick perforated metal plates to
‘S simulate the flow straightening grids. The diameter of each
2 of the 31 holes is 0.125 in. If the perforations are
3 considered as a single hole, the corresponding diameter is
‘i 0.696 in. The percentage area reduction through the model

iii grids is 61% for each grid. The ASTF grids with all FOD
% screens in place represent a 48% area reduction in the first
% (upstream) grid and 52% in the second.

Materials

3 The tubes used in the model were of high-density
?‘ polyethylene and polypropylene. These tubes were flexible
’: enough to be coiled, but stiff enough that the walls could
:; be considered rigid. The junctions were machined of clear 5
;? plexiglass and the tubes were joined to the junctions with 5
; either PVC cement or five-minute epoxy. g
B |
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III. Theory and Analysis

The computer program is the same as that used by
Malanowski. His thesis (Ref. 7) contains the necessary
background analysis. The theory, based on the assumption of
one-dimensional plane waves, is good for larger lines, but
is restricted in its application.

As discussed in Kinsler (Ref. 5), the one
dimensional assumption is only valid when the wavelength of
the signal is longer than the radius of the tube. Assuming
a sonic velocity of 1100 ft/sec and a wavelength equal to

the radius of the largest ASTF line,

£ . = S - 100 Sxcles
crit Xcrit sec

the critical frequency for the largest ASTF line is 100 Hz.
Thus, the one-dimensional assumption is valid for the ASTF
system at frequencies below 100 Hz.

As Malanowski reports, the computer program

calculates the end impedance as

end Q

19

A R VA S A S A SR L L R AR
h [ 3 ) () »




‘14

R W WY

1 AL

i)

.

QS

[}

-
‘s
o
)
-
"

-

A

For the predictions on the experimental model, the pressure

drop across the end orifice was used to calculate Qend’

and the flow rates upstream were calculated using the

continuity equation:
end

Qline = Qend F)line
The pressures were measured at several points upstream to
obtain the densities assuming an isothermal pressure drop
and using the ideal gas law.

The F-100 engine will be the first engine tested in
ASTF, and its operating envelope provided typical ASTF
operating conditions. The DC resistance, also used to model

the ASTF end impedance, was calculated as follows using

Pend and Qend obtained from the F-100 envelope:
P P P 2
end _ end _ end
Q - N - »
end (m/p)end (mRT)end

The pressures and temperatures upstream were then determined
from the isentropic flow tables using area ratios. The
steady-flow pressure drops across the upstream lines were
assumed to be negligible because of the large diameters.

The venturi pressures were assumed to be the same as Pend‘

20
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The value of 0.1 O.)V for the smallest diameter ASTF line is
;-Z 1.27:10"4 Hz, so the theory should be valid between
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IV. Experimental Apparatus

Figure 10 is a schematic of the major system
components and Figs. 11 and 12 show the arrangement of the
apparatus in the laboratory. The test apparatus consisted
o of two major subsystems: the pneumatic signal source and the

signal analysis equipment.

Pneumatic Signal Source

The pneumatic signal source included an electronic
signal generator, a linear amplifier, a push-pull amplifier,
and a pneumatic driver. Appendix C contains the equipment
specifications.

An electronic signal generator in one of the wave
analyzers provided a sinusoidal voltage which was amplified
first by the linear amplifier and then by the push-pull
amplifier. This amplified signal drove a piezoelectric
flapper valve in the pneumatic driver. The flapper valve
oscillated at the signal frequency and superimposed a sinu-

soidal pressure signal on the mean flow through the driver.

Signal Analysis Equipment

The signal analysis equipment, shown in Figs. 4, 5,
6, 11, and 12, included three quartz dynamic pressure

tranducers, three charge amplifiers, three wave analyzers, a

22
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. frequency counter, a strain-gage mean pressure transducer, a

y DC digital millivoltmeter, two dual-beam storage oscillo-

- scopes, a mercury-in glass thermometer, a precision mercury
Sﬁ barometer, and a rotameter type flowmeter. See Appendix C
TE; for specifications.

o The dynamic pressure transducers measured the input
ﬁg signal, the signal at the end of the line, and the signal
1$3 just upstream of the venturi. The transducer outputs were
:; fed into the charge amplifiers and the amplified signals
;§3 were then input to the RMS voltmeters in the wave analyzers
;é for gain measurements and to the dual-beam oscilloscopes for
;; phase angle measurements. The RMS voltmeters measured only
§§ at the signal frequency, and filtered all other frequencies.
}ﬁﬁ . The frequency counter provided better resolution of the

-, i signal frequency than was available from the wave analyzer
A0

ig dial.

. A

e The strain-gage pressure transducer and milli-
%H voltmeter were used to monitor mean line pressure and

33 measure pressure drop across the end orifice to calculate
‘tg flow rates. The flowmeter was used to measure volumetric
W flow rate for comparison.
.§§ A thermometer and barometer were used to measure
:S ambient temperature and pressure. Wilda (Ref. 1l) provides
3ﬁ a more detailed description of the signal analysis
g? equipment.

R
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V. Experimental Procedures

All equipment required a warmup period of approxi-
mately an hour. The procedure began with recordings of the
ambient temperature and pressure. For cases involving
- blocked lines, the mean pressure transducer provided the
mean pressure, For cases involving flow in the lines, this
same transducer was used to measure the pressure upstream of
the end orifice and at various points in the lines.

The desired frequency was set on the input signal
wave analyzer and verified on the frequency counter. The

G receiving wave analyzers were then locked on the output

o’ . .
‘.’\. signals. The RMS values of Pxnput’ Pend’ and Pvent
from the three wave analyzers were then recorded. Phase
3 .
o measurements between Plnput and PLent and between

Pinput and Pend were made by positioning the
oscilloscope cursor on the point at which the input wave
crossed the axis on the positive slope and recording the
dial reading. The cursor was then moved to the point at i
which the output signal crossed the axis on its positive
slope and the new dial reading was recorded. Finally, the

display factor (milliseconds/centimeter) and the mean line

pressure were recorded.

Bl 2l .

27
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Phase information was impossible to obtain at some
frequencies because of noise and small signal size. The RMS
voltmeter in the wave analyzers were difficult to read at
some frequencies because of noise. At these frequencies, an
average signal size was recorded.

The computer program processed the data for compar-
ison with theory and the results were plotted by the Calcomp

plotter on the same set of axes.

28

a0 v e -



T T LA
s‘
AN
-
-
i - VI. Experimental Results and Discussion
oy Schematic diagrams showing how the lines in the
e
o experimental model were input to the computer program are
- included in Appendix B (Figs. 61-63). Tables I and II show
o
,ﬁ which input line, venturi, end orifice, flow rate, and
ot
N . - .
’H atmospheric conditions were used in each case.

Blocked Line Cases

The series of tests with blocked lines was run to

e ok
LA P

demonstrate agreement with the well established theory for

Y 4
»

blocked lines on this complex model. A comparison of cases

A
a

»
»
»
PLIIUN,

L 1, 2, and 3 (Figs. 13-20) shows the effects of inputting
‘]’ signals at the three different lines corresponding to legs

ég' 1, 2, and 3 in ASTF. Comparison of cases 3, 4, and 7 (Figs.
$§ 17-28) shows the effect of different venturis (see Fig. 9

4i and Table I for venturi dimensions). The "mean gains" were
_Eg obtained from a visual interpretation of the figures.
faé The data show generally good agreement with theory
_*  over the entire range 20-200 Hz. Large disagreements occur
':i in some ranges, especially at low gains. The sivnals at the
:ﬁé end of the lines (Pend) at these points were too low to be

- measured accurately by the wave analyzers. The mean gain at
Z;ﬁ the end of the lines in cases 1-3 is about the same (-30
e
N
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dB), which is to be expected. The curves for cases 1-3 show
the same general shape and show little effect of different
input lines. The mean gain at the end of the lines in case
4 is about -40 dB. This is as expected, because of the
larger resistance of Venturi 2. The mean gain at the end in
case 7 is about -18 dB, which is higher than the other case
because of lower resistance through the venturi. The mean
/P

-16 dB in cases 3, 4, and 7. This is higher than the gains

gains upstream of the venturi (p ) are about

vent’ " input

at the ends of the lines (P ), again because of

end/Pinput
the venturi resistance.

In general, the gains agreed with theory within
+5 dB with exceptions noted above. Due to the small and
noisy output signals, phase information was more difficult

to obtain accurately. Phase angles generally agree within

+10%, with few exceptions.

Cases with Mean Flow

Cases with mean flow in the lines were run to deter-
mine correlation with theory and to show the effect of mean
flow on results, Cases 6 and 8 (Figs. 29-36) compare the
effects of two different venturis. Comparing case 9 (Figs.
37-40) with case 8 shows the effect of a lower volumetric

flow rate and a smaller end orifice. The flow velocities

ranged from 0.1 to 160 ft/sec.




.........

With the exception of the gain at the end of the

line (P, d/P ), in case 6, the data show good

input’’
agreement with theory. The gains at the end of the lines

did not agree as well with theory as the gains measured

~,

;é upstrem of the venturis (Pvent/Pinput)' again because of

, noise and small signal size. These signal sizes ranged from
‘E§ 2 to 110 mvV in cases 8 and 9, and from 0.3 to 10.5 mV in
‘Eg case 6. The mean gain at the end of the line in case 6 was
f’l about -30 dB compared to -20 dB in case 8, because of the
’f larger venturi throat in case 8. The mean gain upstream was
ia about -15 dB in case 6 and -18 dB in case 8, showing that

Q% the venturi looks more like a blocked line (less

%2 attenuation) in case 6. The mean gains in case 9 show little
?5 - difference from those in case 8.

o ‘i' An overlay of cases 6 and 3 (same geometry) shows

fﬁ about 3 dB less calculated gain in case 6 due to the open

%: line, and about 15 dB less in measured data at the end of

o the line. The gain upstream in cases 3 and 6 shows almost
‘?é no change due to flow. Comparison of cases 7 and 8 shows

32 less gain in case 8 at most frequencies due to flow, but the
t: venturi has less effect on differences between gains

{3 measured upstream and at the end. Case 9 shows about 1.5 dB
53 less gain upstream and 2.5 dB less gain at the end due to

-: flow. The curves are virtually identical in shape.

x

¢§ Agreement between theory and experiment in the cases with

% g 31
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mean flow was within +2 4B measured upstream of the

venturi and +5 dB measured at the end of the line, with

the notable exception of case 6. Two possible reasons for
the disagreement in case 6 are low signal size and the fact
that the venturi diameter (.093 in.) was less than the
diameter of the end orifice (0.120 in.). The venturi would
thus act as an orifice and cause larger attenuation
downstream than predicted by the computer program, which
models the venturi as a line. The phase measurements in
case 6 were extremely difficult because of noise and small
signals. The phase measurements agree within +10%, with

few exceptions.

General

The data show quite good agreement with theory over
a range of geometries and conditions. The gains are
generally about 3 dB less due to flow. The phase angles
also show excellent agreement where good measurements were
obtainable. The frequency of the first harmonic in all

cases was 2 Hz.
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i VII. ASTF Results and Discussion
f: Schematics of the ASTF lines showing how they were
s input to the computer program are included in Appendix B
Eé (FPigs. 64-66). Table III contains the system configuration
%3 for each case.
;:~ Blocked Line Cases
§£ Although a blocked line represents an unrealistic

;“ case for ASTF, it represents an upper limit on results
1% because the end impedance is infinite. Blocked lines also
:S allow comparison of the effects of different input legs
Q; ig; (cases 1-3) and the effect of FOD screens added to the flow
= straightening grids (cases 4 and 5).

Q% The results from cases 1-3 (Figs. 41-46) show the
3% same general trends, but there were larger gains in case 2
;f compared with case 1 and larger peaks and valleys in case 3
3&3 compared with the other two. All cases show greater attenua-
;:‘ tion at higher frequencies. The highest gain occurs consis-
3N tently at 0.8 Hz in all three cases, and the gain values
w are:

2]
= case 1 28.8 dB
'ta Case 2 36.3 dB
3

sj Case 3 24.8 4B
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;i The results from cases 4 and 5 (Figs. 47-50) show

E fﬁ: the same trends as those in case 3, with greater attenuation
; at most frequencies as the percentage of blockage at the
;é flow straightening grids due to the FOD screens increases.
EE Exceptions occur around 90, 131, and 174 Hz, where the gain
2 with FOD screens is much greater.
;g; As expected, the first harmonic occurs at
%%ﬁ approximately half the frequency (0.8 Hz vs 2 Hz) in the
:;: ASTF cases compared to the model. This occurs because ASTF
153 lines are twice as long as the model lines.

o Cases with Mean Flow

f;’ Table III shows the mass flow rates, pressures, and
?E temperatures used in each case. These conditions were

_ éi’ derived from the F-100 engine operating envelope as

g; described in Chapter III. Cases 6-9 (Figs. 51-58) were

iﬁ taken from the supersonic regime and Case 10 (Figs. 59 and
W 60) was taken from the subsonic regime. Flow velocities in
{Eg the largest ASTF ducts were about 12 ft/sec in all cases.
,g; The frequency at which the first harmonic occurs is
‘ affected by temperature and impedance. Generally, this
;:; frequency is shifted upward by increasing temperature and by
;E' decreased end impedance. The decreased end impedance of
:f open lines vs blocked lines would generally shift the

Sﬁ; harmonic upward in frequency. The ASTF results show no

&% effect of open lines on this harmonic frequency because the
SR 64
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small engine diameter and large engine flow restriction
create a very high end impedance. Thus, the cases with flow
look very much like the blocked line cases.

The first peaks of each of the curves occurs at 0.8
Hz in cases 8-10, primarily because they are at nearly the
same test cell temperature. 1In cases 6 and 7, the first
peaks occur at 1.0 and 0.9 Hz, respectively. This increase
in frequency is due to the higher speed of sound at the
higher temperature in these cases. A comparison of all flow
cases to case 3 shows the effect of temperature in that
corresponding peaks occur at frequencies higher than in case
3 in cases 6 and 7, and at lower frequéncies in case 8-10.
The gains at the fundamental frequencies (0.8-1.0 Hz) for

cases 6-10 are:

Case 6 23.63 dB
Case 7 21.49 4B
Case 8 21.60 4B
Case 9 24.75 dB
Case 10 30.99 4B

The mean gains in all the flow cases are about the
same, and match those of the blocked line cases. The data

show no trends indicating effects of flow rate.
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General

The ASTF results show large gains (21-36 dB) at the

fundamental frequency (0.8-1.0 Hz) and somewhat lower gains

-Qz at all other frequencies investigated. The bandwidth of the
n\'

:} peak at the fundamental frequency is narrow (3 Hz) and the
i gains fall off sharply either side of this peak.

f& Preliminary results of experiments with the mixing
~ valves in the model indicate that butterfly valves

— oscillating at a given frequency do not generate significant

signals at that frequency. Most of the output is of very

3 high frequency, probably from vortices and turbulence.
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%& = VIII. Conclusions
?é l. Por blocked lines, the computer program gives
;; results which agree quite well with experimental data
' obtained on the physcial model. The gains agree within
?% +5 dB over the range 20-200 Hz.
té 2. For open lines, using the steady-state
;: resistance as the end impedance, the theory matches the
EE general shape and gain values of the experimental data.
%% With the exception of case 6, the data match within +5
. aB.
;% 3. In both blocked and open line cases, the theory
%% 3, predicts phase shift within +10%. Most values are much
| < better, within +2%.
t 4. 1In general, mean flow in the lines reduced the
%E gain somewhat less upstream of the venturi than at the end
of the lines. This was due to the lower end impedance in
& the cases with flow.
;; 5. The data verify that the theory can be used to
‘: accurately predict frequency response on large, complicated
és systems of linesl The theory is applicable to the ASTF
f: ducting below 100 Hz because the wavelengths below that
) frequency are larger than the radius of the largest ASTF
)s duct.
3
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24

1: 6. The cases run on ASTF show very little change in
4 .

; NN mean gain with frequency. The fundamental frequency occurs

at 0.8-1.0 Hz, depending on temperature, at peak gain values

of

254 of 21-36 dB. The bandwidth of this peak is very narrow (3
g; Hz). The complex ASTF system, with its multitude of flow

i paths and valves, is unlikely to see a sustained signal at a
:ﬁ single frequency, but is more likely to see a variety of

L8

o

X frequencies which will be constantly changing. Thus, due to
N
— the narrow bandwidth of the fundamental and the unlikeliness
t 4]

¥ of a sustained signal at a single, constant frequency the

N
': ASTF air supply investigated is unlikely to experience a

25

resonant condition.

]
Do 7. FOD screens have very little effect on ASTF

<

~f N results, and the blocked cases show the general trends of
NN ,

v the cases with flow.
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IX. Recommendations

1. The new dual-beam oscilloscopes are excellent
tools for measuring phase, but some means of filtering out
the high frequency noise due to turbulence needs to be
found; perhaps a low-pass filter could be used.

2. For experiments run on the ASTF scale model, a
method of creating stronger signals must be developed. The
pneumatic driver signals were too weak at most frequencies,
and signals below 10 Hz were small and non-sinusoidal.

3. Automating the data acquisition process would
allow much more data to be taken in the given time.

4. An investigation of the frequency range 0 to 20
Hz needs to be made to determine the accuracy of the
theoretical results in this range.

5. More computer runs need to be made on the ASTF
configuration to investigate the 0 to 10 Hz spectrum more
closely, and to take into account more ASTF flow conditions.
The lines in other parts of the ASTF system should be added
to the program, accounting for a variety of open and closed
valves, and including ducting up to the compressors and

turboexpanders.
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I 6. More experimental data are needed on the output
T of the butterfly valves to determine if they generate

significant disturbances.
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Modifications to Program as Used by Malanowski

The program of Malanowski was modified to accept
more series and parallel lines corresponding to the
schematics in FPigs. 61-66. This was achieved by renumbering
the lines and calculating input impedances for each line
looking downstream, using the standard code strings and
changing the indexing numbers. The gain and phase across
each line in the flow path were then calculated, again using
the standard code strings and changing the indexing numbers.
The gains and phases from Pend to P, and P to

input vent
were then calculated by multiplying individual line

Pinput
gains and adding individual line phase angles. The phase
angles were adjusted to fit the range 0 to -36( deg by
adding or subtracting multiples of 360 deg.

For blocked lines, the mean line pressure was used
for the pressure in each line. For open lines the line
pressure was included in the data field with line diameters
and lengths. The calcomp plotter routine reading sequence

was changed. Plots of gain and phase at +he end of the line

and gain and phase upstream of the venturi are generated.
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Program

1.

2.

3.

4.

5.

6.

Calcomp Plotter Routine

Computer Program Data Reading Sequence

Read ICAS: Reads the control variable which decides
whether or not plotter routine is to be
used.

Read PL: Read the mean line pressure for use in
blocked line cases only.

Read TF, PG, AMV, RE, GAM, SIG:

TF is the line temperature (°F).
PG is the atmosphere pressure (psig).
AMU is the viscosity/in (—20 .
sec“-°R
GAM is the ratio of specific heats.
SIG is the square root of the Prandtl number.

Read N, NLINE:

N is the number of lines.
NLINE is the end configuration (open or blocked).

Read DI(I), AD(I): Used only in blocked line cases
where:

DI(I) is the line diameter.
AD(I) is the line Ylength.

Read DI(I), AD(I), P(I): Used only in open line
cases, where:

DI(I) and AD(I) are the same as above.
P(I) is the line pressure in each line.

7.

Read CASE(l): Reads the case number (experiment
identification number).




o

phad

o v 8. Read NPTS, LSMBl, LSMB3:

'; 2 NPTS is the number of experimental data points

o to be input.
LSMBl is the plotter symbol to be used for the

~ results upstream of the venturi.

o LSMB3 is the plotter symbol to be used for the

" results at the end :f the line.

R

-3 9. Read FREQ, PS, PR3, PR1l, PHS3, PHS1, FACT, PHR3,

PHR1:

=§ FREQ is the experimental frequency.

N PS is the RMS voltage output of the input signal

¥ transducer.

. PR3 is the RMS voltage output of the transducer
at the end of the line.

FN PRl is the RMS voltage output of the transducer

3 upstream of the venturi.

7 PHS3 is the "DELAY TIME MULT (DTM) dial reading

b where the input signal crosses the zero axis

> on the oscilloscope measuring phase at the end
of the line.

3 PHS1 is the DTM dial reading where the input

) signal crosses the zero axis on the oscilloscope

Y measuring phase upstream of the venturi.

' (?\ FACT is the "TIME/DIV or DLYTIME" dial reading

o S in milliseconds/centimeter on both oscilloscopes
(both scopes must be on the same setting).

3 PHR3 is the DTM dial reading where the signal

- at the end of the line crosses the zero axis on

e the approriate scope.

N PHR1 is the DTM dial reading where the signal

o upstream of the venturi crosses the zero axis on
the appropriate scope.
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*TAZET)

TAA,SVI3TICN LIV STLDY/2-IN NETHMZO WITH BRAMCH SHCRT JUTPUT

DIMINITON ORTLICZC2C D 90BT IC22: JoNICC2 ) o8DC222) sAP(220),4CVEZ20),

TIPTC22 D aCNAC22 Do PAC2L0 D oAGHCZ2Y) oFANLR227 ) 4RNC220)¢GN(22) ),

2ALMN (22 .90C €220 ) o ANC227 ) oBYNC222) 4AMC(22C) ¢AZRN(22)) 4BZRN(22),

JAZINC227) 9BZI 220D oDCUCZT 90622 L ) oC0(22509P (2220 97°H0C220 )

SANUC22 D oCACRZU Do QTCAC22G)oTMER227 ) oRTP(227) oGP U220 4BETA(227)

TAZITC2Z LV oB2TTUICC ) oREV(22: D 9CUI22) 4 BETC225)40MGPIC1I0)
TVENSTION DBL(22Z2)9C830222) oCMEXC229) ¢PHASEL(22C ) oPHASEI(222),

ODKHL (22 Do FHI(ZL ) o CASECZ2C ) 9CMEFILLIZ )

DATA FI/3.181552¢€/

DATA TPI/€,2021-53/

XX XL
THI S 23CGRAM ¢ FC3 LY INFUTS ALY
CALL OLITSC. 9l ¢")

Cerseesosnsne

11

~N
s
(L]

.
[

Amamani

23

= e - .

24

FEAC (7o) ICAS
J RIAQCTy)PL

RTATUT yvITF gPRyANULSE96AMHSIG

FEAC Ty VN LINE

MRTTECZ 922 )P Lo FePE

FIIMATCLIMCINCTITICN SS9 SX9CHLS INPLT 9SXoPHPGAGE= FSe392Xy

S NT = oF8,.1 '2,0EHFB‘FC: oF542) 4

HEITE(S427€)

FIR¥AT(LLIHBLOCKED 2ND)
AL EIERETIREL R ANESEEERE LA A EE AR ARSI AR YT N R A Z A AR EE R AR ESRAR NN X X J

AL I3 "HI LINE LEANGTH

DI 'S I'mZ LINE CIAMETER

A INZ FIR ALINE IADICATEIS THE LINE I3 CPEN AND ANY CTHER

“L¥dc2 INJICATES A ELICKED ZAD.

LA RN R AR NN RN RS R SRR R NN RN AL RSN SRR RN A AR NS AR ARERAS N X J

DI 733 I=14M

IF (WLIihdeZ@el) 6C TC 21

PtI)=FL

FCACCT9*dDT LT ) e20(I) °

6C T2 253

REAC(T.2)CICIDADCID)WF (D)

CoMTINLE

iND=1

M=

DS 23 121"

PRI ZP()+EG

TRI=TFelo. .

JRH2(IY=CRI/(FETBR)

ACUCII=AVL/SHC(T)

CACIIZ CRT(FRIeGAM/HC(I))

AS(I)zO «C0T(I)eCICI /0,

CVEIIzC aeCZep,LLL))I/ARCI)
TMTLIISCVLIN/(SIGe576)
CHA(TI)=2(d 4 FLleAMUI/ CAR(I)AR(I))

QI 1= 365¢DICII*DIC DeSERYI(PLIN/GENGIL))
CONTINLE

DCLIP=2LT2)eRKHC(TCIZRNT(LL)

B TI=CILLIRHOCLII/CHILT)

27 24 [=134%0

(IS CiI=1)+PHO(I=2V/CHILT)

CTutlNe
2€321:=6¢

N ze
: 2

SO RLT I S SR VAL I $4)
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AN IR e TEMIZAG2eTENF
* TEMFISINCTENS)
: TTUIZARC2TEVE
- TEMAzAIGLeTEMF
- CALL CN¥PDV(ARGL AR 29TEMLJTEM2,TENSTENS)
2 TEM1ZAZ3NCT)Y
" - TIM22B23N(I) -
e CALL CYPMF(TENIZTEMAZTEML2TEY24)ARG] +ARG2)
- AZIN(II=TEMD
- - 33 BZINCIDI=TE“A s
C CALCULAYZS 2 IN & THRU 11
z, D" s 126411
o - TEY1=A235(1)
5 TIMZ=B2ZRNLT)
- TEMIZAZIN(I*35)
e - TEVG=RBZIIY(] +S9)
Oy TEWI= (D)
- TEM:=AC(T)
- - TEHTSRINCDD - :
A CALL CALZINCAARG4BAPGyTEMLyTEM2 ¢ TEMSoTEMAZTEMSGTEMS,TENT)
\ AZI*(1)=AAcG
3 e Y BZIA(I)=BA~G
“J C CALCULATES Z IN 12 THRU 16
R D3 5 [=12,16
3 - TIWLZA25N(2)
TIv22B29N(D)
TEMI=AZINCI-11) R
Sh - TEMe=BZIN(I-11) :
3 TE4S=ANCT)
e TEvezAD(D)
. (. - TTur=@TACT)
AR X CALL CALZINLCAARGIBAPGoTEMI g TEMI oTEMI¢TEMAGTEMSoTEMGTENT)
< AZI (T )ZARFG.
- 3 8Z2IN([1:=BAFG
hA C CALCULATEZS RSCEIVIMG Z FCR LINE 17
o : TEW1=8Z2INQIY)
= - TIMZ=E2INCI1)
o TEMIZAZINCGID)
b TEMAZBZIN(LD)
X - CALL ZZBRACAZCTIZBZCTITENLoTENGITEMIWTENA)
A227427yz02CT?
B2ITC17)=82CT1 .
Nl e € CALCULATES 2 I% 17 INCLULOING R=TRANSOLCER .
h? TEM1zAZON( ) b
o TEM2=BZON(LT) y
. L 3 TEvzAanNO1D) :
~ TEW4=AC(I M) )
X TEM3=BTA(17) y
- CALL CALZINCAZINIGB2ZINI oTEML oTEP2¢AZATI4BZOTIoTEUITEMNGTENS)
- AZT.(17)=42701
¥ 82:N€17)2821V1

C CALCULATES Z IM 1z AND 13

N DS 36 I=13419
N TIM1=AZ3NCT)
Y~ > TEMZZEZRNC )
=2 ToNIzAZIN(I=1)
TEVazBZItI~-1)
] - TEMZ=A%(T) .
e ! TEMS=AQCI) )
* TEMTZE NCD) 4
3 Y CALL CSLZZ* CAZI T oR2INIoTEML oTT 42 oTEMI o TENAGTEME g TEMG T CMT) 4
W AZTA (VA2 NY !
¢ 3¢ B2 w021 0282:0M1
= @ C CALCULATES 3CCEIVISG Z FlR LINE 29 i
- ‘ﬂg i TIMITATIN(I") B
>y .
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TEM2zZBZINGL D)

TEN3I=AZINOI D)

TEvazR2INC1 3)

CALL 27BRACAZOTIWRZCTIoTENL o TEP29TEMIITENS)
A277¢2 1=A2CT1

RZITC2'I=RZAT]

C CALCULATES 72 It FOR LINE 20 INCLUDING F-TRAMSDUCER

37

3

TEYIzZAIRN(D )

TLM2=B2PNLST)

Trulzan(2)y

TEwA=AL(2))

TIMOzZE"AC(2.)

CALL CALZINCAZINI ¢BZINTI «TEM] oTEP2 yAZOTIsBZOTI oTEMIZTEMALGTEMS)
A21%¢2.)=A2IN1

RZINCGS I=BZINT

C CALCULATEZS 2 [N 21 THRU A}

00 37 I=21.81
TENLI=AZAN(T)
ToMozR2QNCY)
TEMIZAZINCGI=-1)
TruA=B2IN(I~-1)
TFNSzAN(L)
Truc=pn(l)
TEu7=B8INCD)
CALL CALZINCAZINT oBZINT oTEV] oTENM2 oTEVIoTEPATENS TEMETEMTY
AZ2TNCTI=AZIND
BZINCIN=ARZIN]

C CALCULATES RECFIVING 2 FOR LINE 42

TEMI=AZINCAL)

TEMZzRZINCAD)

TEM3IZAZINCIA)Y

TEMA=R72IN(14)

CALL 2LBRACAZOTIWRZCTIoTEPL o TEVL o TEMIGTENS)
A2)ITCA2)=zA2CT]

AZITC(A2YZRAZCTL

C CALCULATES 7 IN FOP LINE 42 INCLUDIAG R~-TRANSDUCER

YEMIRZ2AN(a D)

TEM2=BZR%(a2)

TEM3I=A%N(AD)

TEMA=AQ(AL)

TEMSSPETN(AD) e

CALL CALZINMCAZINT oBZINI oTEMIoTEM2 0AZCTI 9B20TI WTEMI,TEMA,TENS)
AZINCADYI=ZAZTNY

R2INLA2)202INT

C CALCULATES Z 1+ 43 THRU 4&

NO 29 1=43468
TENI S A2AN(I)
TEM2=R7/N(:)
TEMIZAZIMN(I-1)
TEMAZHZIN(I-1)
TEMS=ANCI)
TEMEZAD(CI)
TEMT=BTNCID)Y
CALL CALZIMCAZINIoBZINIoTEM] qTEM2 oTEMIGTENAGTEME ¢TEMEGTEMT)
AZ2INETY=AZ2TINY
R2I%N(1Y=B21IMY

C CALCULATES ECEIVING Z FOP LIND 49

TEVIZAZINCAR)
TCMOZRZ7INCASR)
TEMI=A7IN( )
TrvMazu7IN(<)
TENS=A2INCQL )
TrME=P2INL)
CALL ZTHRAT(AZOTI ¢BZO0TIoTEMIgTENMD oTEMIZ"EMOZTENS G TEME)

A201Ca9)zACTY
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C CALCULATES 2 IN FCP LIMNE 49 INCLUDING PR-BRANCHES

TEMI=AZPN (&)

TEMZ=A2ANC(a )

TEMIZANC(AS)

TMazAN(4A D)

TEME=RTA(AS)

CALL CALZIM (AZINT oB2INT oTEMIoTEP24AZNTIGBZOTIoTEMITEMZTENS)
A71H(ASYI=AZ IN]

B2ZI%(4°)=BZINI

C CALCULATES 2 IM SC

TEMI=P2RNL(T ")

TEM2=R2ANCE )

TEVMIZAZIN(SS)

TIvazBZIN(a™)

TEMSSANIST)

TEMAZAD (3D

TEMT=RIN(E" )

CALL CALZIMC(AZIPTIoB2ZINTIoTEM? oTEP2oTEMIGTEVAGTEMSsTEMEZTEMT)
AZF2€5 ) )=A7INT

RZTACS " )=PZINT

C CALCULATES 2 TN €1 AMD 22

36

DY 39 T=2T1e%2
TFMIZAZRNC(T )
TEMZ=R29()
TEMI=A2IN(I-44)
TEMAzZBZIN(I=-4 Q)
TeEmszAN (I
YEMezeD(D)
TEMT=BTACD)
CALL CALZINC(AZITIoBZINT oTEMI oTEP23TENIGTEPA9TENSTEVEITEMT)
A2l C1V=A2:0]
RZTMETIZA22M]

C CALCULATZS "ECFIVING 2 FOR LINE S3

=33

TFVI=AZTI%(1 =38}

TEM2=R2INCT -36)

TEMI=AZ2INC] =2)

Trvaz=g2iNtI-~-2)

CALL ZFBRACAZNT I oBRZCTI oTEML oTEM2oTEMIZTEMS)
AZITCTIYI=A2CTTY

AZ2ITCII=B2CY]

C CALCULATZS Z IN S3 INCLLDING R=-TRANSOUCER

Teraliza2aN(D)

TEMI P20 (D)

TEMI=ANCD)

TEvezAD(I)

TEMC=BTACD)

CALL CALZT (A1 I oBZINTI e TEML W TENM29AZCTI9BZOTIoTEMIZTEMAZTENS)
A2t (1 1=A2° N

BZTA(I1=82]1*1

€ CALCULAGEZS 2 IN 54 AND £5

7

D> 70 12584395
TU1zA79N(2)
TEM2=P2RN(D)
TEM3=87INL"=1)
TeEMazp2IN(I~1)
TFu=ezAN(]D)
TEWS=ACLI)
TFYTI=RTAC DY
CALL CALZI? CAZI? I oRZINITEMY GTEM24TEMIWTEPASTEMSITENGVTENT)
AZI(ID=A21N]
R7ZINCII=B2:t]

C CALCULATES 2 IM S6

1 =3¢
TEMPAL (1) ADCT)
ASR Y ZCISHT EMF)
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ﬂﬁ;b -

o g
s AR -
2 N AILO=SINH(TEMF)

TEMS=RYNC(LICAD(D)
TEMF=CLCSCTENVS)
TEVLZARGLeTEMP

" TCMIZATG2eTEMF
" TEMP=SIN(TF¥»S)
X TEWIZASG2e " (VF
o TTMAZARGI e TMF
; CALL CVYPOV(APG! JAPG2¢TEML oTEM24TEMIGTENMS)
TEMIZAZAN(TY :
_ TEMIZRZIN(T)
3 CALL CPOMF( EMIJYENBGTENLoTEM20ARGL yARG2)
> AZINLIY=TEM?
) RZINCII=TZMG
) C CALCULATES 72 TN &7
O} =37
? TEWLZAZRN(T)
_ TTMZ=RZON(D)
« TEAIZAZINCT-1)
"4 TEMAZRZINCT-1)
ot TEMS= A% (1)
N Tewez=AC(D)
-~ TEMTZR 4 (T)
>, CALL CALZIMCAASG¢BAIGyTENIGTEM2 yTEMIGTEMAGTEPSITEME ¢ TEMT)

* A7T5C(TIV=AAFS
BZINCI)=RA"G
< C CALCULATES HECE™VING Z FOR LINE 58
TEML=AZINLTD)
”1 188 hELY FON &5
4 TEMIZAZTINCST)
i o, TTMA=R2TH(ST)
e CALL ZTHPACAZCTI ZRZCTIWTEPL o TEM: oTEMILTEMA)
& AZIT(S2¥=A2CT]
‘ R7371€(51=89720T]
. € CALCULATES 2 IN S® INCLLCING P=BRANCH
TEMIZAZ23N(54)
TIM2=RZI%(2C)
TrMYz=AN(32)
TEMAZAN(SR)
2 TIUSZNTH(S )
CALL CALZIMCAZINLToBZINI oTEMIoTEM2 AZOTI9BZCTTI oTFMIZTEMA 4 TENS)
AZTNC(S")=A7 M
RZIMCS - 1=AZTINT
C CALCULATES RECFTIVING Z FOR LINE 60
TEMIZAZIN(E?)
TEMZZRZIN(TP)
TEMI=AZTN( €)
Truazp2tY(1 %)
CALL 2THIA(AZCTTGRZOTIGTEV] oTEMZ oTEMISTEMA)
A29T¢A ¥=A7CT1
B72T(611=R72°T]
C CALCULATES 2 I' &( TINCLUDING R-TRAMSDLCER
TEMI=A2ON(. )
TEMDZP2RN(L)
TEM3IZANLS))
TEMAZAI(53)
TIMEZRTR(L )
CALL CALZINCAZINI 9BZINI oTEMLoTENZ gAZCTI9BZCTI oTEMIZTEMAZTEMS)
A2T%(E I=AZIN?
H2INCE )=B7 N1
€ CALCULATES RECELIVING Z FCR LIND 61
TEMLZAZIN(R )
TEMZ=RZ [N )
. TEWIZAZIN(E)
:.'}“ TrMazR21%()
" . CALL 2€BACAZCTIGRZCTIZTEN oTER2 4 TE VI, TF MA) -
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L
RO O A2:TE51)=A2CT]
g .- BZOTCE1)I=B2CT]
C CALCULATES 2 [N 61 INCLLOING R-BRANCH

TFMI=AZPNCE]D 7
X TEM2:20827N(51)
'\ TEMIZANCEL)
» TEM4zAQ(S51) .
A TrEMS=RTNC&I )
..z

PP

CALL CALZINCAZI 1 oAZTNT oTEMLoTENM2 JAZCTE ¢BZOTI oTEMI o TEMS G TENS)
AZTNC61)=AZINI
H2TN(AL)=BZINI
) C CALCULATES ECEIVING Z FOR LINE 59
e TCw1zAZINCAT)
TEMZZR2INCAT)
TEM3IZAZINCSE)
TEMAZRZINCET)
CALL 27CRACAZOTToBZLTIoTENL o TEWZ oTEMIGTEMA)
AZIT(57)z82CT]
- RZIT(S3)=R27T]
C CALCULATES 7 I*. S9 TNCLLDING R-BRANCH
TEMIZAZIN(SS)
TEMIZRION(SC)
TEM3IZAY(5 )
TIMazaD(59)
TEMSzZHTY(S)
e CALL CALZINCAZINT+B2IAT oTEMLoTEP2 yAZCTI ¢BZOTT oTEMIoTEMA o TENS)
AZINC31)287 KT
B2TA(59)=R2IN]
€ CALCULATES RECETVING 2 FCP LINE 62
TEMIZAZIN(S" )
TEM2=B2IN(SE)
- TEMI=AZINCRC)
:ﬁ; TFYazE2INCSE)
CALL 2 HRACAZOTI ¢BZCTIoTEML 4TEMT o TENMIZTENAD
AZCT(52V=A7CTT
8201(&2)1=820T1
C CALCULATES 2 I" 62 INCLLDING R-B2ANCH
TEMI=AZANCEZ)
TEMZ=RZRN(FZ)
TFMI= AN (62)
i TEMa=AD(6D)
TEMS=BTN(ED) -
CALL CALZINCAZINI ¢BZINT oTEMLoTEN2 oAZCTI4BZOTI oTEMIoTEMA (TENS)
AZTN(EZ1=82]N]
RZI%(62V=RZINT
C CALCULATES 2 N 63 AND €6
D" a1 [=61.¢8

s R

s ' a%alu%n 2"

o

' W s
NWRRRILTY | PRI

ol

o e

~ e

v TIMI=AZPNCL) (
- TEM2SRZEN(T)

. TEM :=A21°1(1 1) : ,
N TEMAzZA2INCI~1) K
N TFUZzANCD) .
v TEYS=ANUI) .
2 TEMTZBINCT) R
Yy CALL CALZIFCAZINTB2INToTEML o TEN2oTENIGTEPASTEMSTEMEITENT) X
L, AZINCII=AZIM] - .

43 R2TNCII=AZIME

. C CALCULATIES FL11/F17 INCLLDING R=-TRANSCUCER ;
- 1=17
. TEMP=RTNCI)oAD(I) :
. CSRI1=CRSCEMP) .
ol SR I1=SINCTEMF) .
2 TFMO=ANCT Ve ADCL) .
= APG L =CLSHLTF PR ,

-~ ' APG2=SINM(TEMF) "
)’ e - TE¥1=A361eCSRIL . . R - e e
», -
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1

TEM2=ARG2*<AR]!

AZITI=AZQT(D)

AZITI=BZ2NT(T)

AZINT=A2IN(DY

BZINI=RZINCY)

CALL CYPDVUTENMT JTEM 3 ¢A2CTI oRZOTIGAZINIWBZIND)
CALL CMFUE(TEP3SyTENMAGTENTGTEMBoTENL oTEN, )
TEM3IZANG2.C<BI1

TeM3=AGleZrRL1

TEMIZTAZEN(]D)

TEVML{O=H2RA(Y)

CALL CPPOVC(TEVTeTEMO A2 TIoBZCT{ o TENS 4 TEMIN )
CALL CVRPME(TEN] ¢TEM T gTENMT 4TEMAGTEMS 4 TEMS)
TEMI=TENI=TEM]

Tru2=TENVQ=TEW?

TEMF=TCEPLeTEMISTEMO-TENM:
AETACTIIZATAP2(TEM2,,7EPL)

ACT LI I=(1S. «/PIDV«BETA(D)
RYI(L=<I=SAFT(TEMF)
GPUI=G0=2 o« ALTCIT(STP(I~-6))

C CALCULATES P17/P12,F1F/FLS

42

08 42 I=1AQ,1%

TEvMEzRTACTI)CADCD)

CTRIL=CPAS(TENF)

SHHTLI=SIN(T EMF)

TEuo=aN(I)» ADC])

ARGIZCOCH(TEVF)

AC322SIAH(TEMF)

TEM1zAPGleCRIL

TCMZAPR24AH]

AZ2INTLI=R2I%(1I-1)

RZINIL=RZINC(I=1)

AZINTI=AZRHCD)

AZINTI=AZIrC])

CALL CHMPODVETEPToTENM 9 A2INI1oBZINILGAZINTSFPZIND)
CALL CMEMFUTENT oTEMAGTIMT G TEMRGTEWL o TENZ)
TrMszARG2eCSAII

TEMC=ATG] oS RT)

TEUS= 290 (1)

TEMIC=AZANCTI)

CALL CMFDVITEWT o TEM-9A2TMNI1 +BZ2TPTILeTENIHTENMLIN)
CALL CHPIMFUTEV] «TEMC9TENFToTENMEWTEPSOTEVE)
TeMI=TONI_TEM]

TOMZ=TEMA=TME

TEME=TCN1eTEMITEMOIATER?
RETACII=ATARZLTEMI L TEPID)

RET(I)=(1* o/FI)eRETALD)

TP (1=1)=SACT(TEMF)
GPCI=13=7" o+« ALCCLI"(ETF(I=2))

C CALCULATES F19/720 I™CLLLING R-TRANSOLCER

T="

T MPPRYL(ID«AD(])

CIRILI=CZS(TFMF)

SAII1=SINCTEMPR)

TEMP=ANL(T Ve AD(T)

APS1=CLEHLT EmP)

AAG2=SIAK(TENMF)

TEMi=A€Gl«C<BIZ

TEMIAFGRe I NRTE

AZOITI=AZOTLL)

B2I1I=RZCT(])

AZINT=B2INLY)

RZINI=AZINCD)Y

COLL CMFOVITEPT«TEMS oAZCTIWRZOTIGAZINIWRZIM)
CALL CMONFUTEPIGTENOGTENTGTEMAZTENML 9TEP2)
TEM3=AQG2eC R
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TEY Sz ARGl eTMR]IL

TENIzA23INCY)

TEMIGR2RANL DY

CALL CVPDVITEMT s TEM:AZCTIeB20TI o TEMISTEMIL)
CALL CVPMECTEPL o TEM2 o TEPTOTEPB Y TEFS 4 TENG)
TEMI=TEN3I=TFp]

TEMO=TENMR=TEM2

TEWESTENLeTIMIGTEM2sTEND
BETACIVSATARUTEMD,,TENT)

BET (I M=C1R% «/PIVCHETA(D)
RI>CI=1I=SQFT(TEMF)

GPUI=19224542ALGGLC (RTP(I=1))

C CALCULATES R20 /P21 THFY PAd/PAL

43

DT 43 [:21,4}

TERF=BTINCIN«AD(Y)

CTRIL1=CAS(TLMF)

SABIL=SINC(TFMP)

TIMF=AN(IDeAD(T)

APG1=CCSHCTIME)

ACR Z=STKH(TEMF)

TrY1zARGleCTRI1

TEwOo=p0G2e B 1)

A7 ANI1ZA2INC(]=1)

AZINII=HZIN(I=-1)

AZINT=02INCT)

RZINI=P2INCY)

CALL CMPOVITEMToTEMRGAZINIL ¢BZINI1¢AZINIoBZINT)
CALL CMPME(TENI JTENASTENTSTEMBLTENML 4 TENF2)
TEMS=ASRG2+CEAT1

TEMez oGl e30RTL

TFM2zAZ8N(])

AR ALELPLIN&9)

CALL CMFDVCTEMT W TEMI o 22INT1 oB2ZINIL1 o TENO o TEMLY )
CALL COPWPUTENML TEM o TEMTITEMEYWTEMS 4 TEME)
TEMy=TAM3I_TEM]

TEM2=TEMR-TEM2

TEMFZTENLOTEMICTEM2-TEN?
BETACIIZATAR(TEMD,TENML)
RETCII=CIR" L /PI Yo AR TACTY

RTF (1=1)2=SQF T(TEMP)
GPCI=1)122",+AL0CIN(RTIPCT=1))

C CALCULATES PA1/F42 INCLLOINS P-TRANSDUCER

1=42

TFEMEZRIN(IVeALC(T)

C3RI1=CLS(TEMP)

SNATI=SINCTE VP

TEMDOz AN (I ¥-8D(])Y

ARG I =COeR(TiMF)

ALG TS INHC T wME)

TFM_ 2AGLeC<RT]

TENIzARG2e7 LRI

A20T1=A201TC(1)

RZ2TI=R23T(])

AZINI=AZINCD)

AZINI=R2INLD)

CALL CMEOVUTENT«TEM= 4 A2CTToBZOTIGAZINI oB2IN]Y
CALL CVPNFRCTEPI+TEN U TEMTQTENALTEN] JTENWD)
TEMGZAIGB2eCSRTN

TEVLZATGL 7B

TEMI=AZANCD)

TEMT)IZR2ANC])

CALL CMPONCTEY T o TE® 347, :12B2CTT oTEMIGTFNID)
CBLL CPENMECTEP L «TEN oTEMT ) TEPRGTENS,TENG)
TEMI=TipI="EN]

TLM2=TEPQ=TEW)

JENpoYoplolEvieTEMReTENE

A~13




e e e et Ve Tal T Te e Ta e Ve o
[T PN

HB!!HIGRHUQFvHErﬂﬁvrvt':fﬁﬁ?ﬁia?:TITﬁTﬁ’w
A

) RLTACIV=ATAN2(TEM2 o TENT)
A BET(I)=C18 4/FP11+BETACT)
RTO(I~1)=SOFT(TFMF)
GP(1=11223.ALCGILLRTP(I=1))
C CALCULATES Fa2/543 THRL PAT/FAR
DT 48 T=83,46
TEMP=RNCIN*ACCI)Y
C3RI1=CCS(TeEMP)
SNBT1=3INETENF)
TEMPZANCL )s ADCI)
ARG L =COTHITENP)
ARGZ=SINH(TEWP)
TeulzA~GleCTB:l
TENZ=ATE29°ARTY
AZINT1=AZIN(I=1)
H2INI1=PZINC(I=1)
AZ°AT=ZAZINCT)
BZINEZRZINCT)
CALL CMPOVITERT TEM-oAZINT] ¢BZINT1 oAZINT yRZINT)
CALL CVONME(EP3oTEMAoTENToTEFRGTEN] ¢ TEND)
TEMS=83G624CB]1
TeEMEzARGIeSMR]Y
1 TEM==A?2N(TY
N TEM122ZAZONCD)
i CALL CMPDVITENT(TEMP¢B2 NTLeBZIATLoTENTSTEMIC) K
v CALL CMPMECTENL JTEM  gTEFTSTLMBoTENS 4 TENG) i

XD O ASIAANNE SR S
7.

N

TN

TEMY=TENI-TEM
TTM2=TEMa=TEN2 -
TEMD=TENLeTEMLSTEMRaTEND |
BFTACIIZATAN2(TEMS G TENL) 3
HET (112019 /PIVSRETACT)

RTPCI=13=50FT(TEMPY »

frle. as GPCI=1)22 ¢+ ALOGIC(FTP(I=1)) X
€ CALCULATES P&r/74% INCLUDING R-BRANCHES

1=6%

TEMFZRTIN(L)*AD(])

CIAI1=CISCTYENF)

SURI1=SIN(TEMP)

TEMF=ANCT )e ANCT)

ASG1IZCTSH(TENP)

ARG2=SIKH(TEMP)

TEM1=APG 1 sCLATY

TFWZzARG2#S PRI

AZOTI=P20TCT)

RZATL=AZAT(D)

A21MT=AZINC])

HITNIZRZINCT)

CALL CMPDOVCTENTGTEVMEGAPCTIZB2CTieAZINIWBZIND)

CALL CMPMF( E VI oTEMA o TENToTEMRGTEML o TENS )

TEMOLZAIGTWCSRIT

TEMS=ASGLe< PRIl

TEMIZAZRINCI)D

TEMIN=AZENC])

CALL CYPOVCTENT o TF¥ioA20TIoP20T ¢ TEMI o TENLD)

CALL CYONFRCTEN] oTEMC gVENTGTEFRGTEMNS o TENE)

TEMIZTOM3=T M)

TEM2ZTEMA=TEM?

TEMF=TEP e EM e TEMD @ TEND

RETACIIZATAR(TEMS 9 TEPL D

ATV LIS L/FIIeBETALID

ITP(LI~1)=SRET(TEMP)

GFCI=112204«ALOGINC(PTF(I=1)
C CALCULATES Pa9/rs5n

1=5°

TIMSZRTACIICADNCI)

CHI1=COSCTEPRY

ol
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-
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RS TTUP=AN(I Ve ADUID
P A931=CISH(TEMP)
ASG2=SINH(TEMF)
aa TEM1=ARGLleCTRIL
\gq TEM2zARG2eSPB]I
:ei AZTNTL=AZINCI=1)
40 AZINIL=EZIN(1-1)
N AZINI=AZINCY)Y
BZINI=RZINCD)
CALL CMPDV(TEMTGTEMFoAZINT1oBZINI14AZINTWBZIND)
A CALL CWPMECTEN3I ¢TEMA o TERT GTEND o TEML o TEN2)
< TEM5=ARG2eCSBIY
RN TINAZAC51eSART]
e TEMTzA23aN(])
- TEM10=BZRAC)
. CALL CMPDVC(TEM7 TEM 'yAZINI1 +BZINI1,TEMI4TEMIO)
WE™ CALL CWPNFUTENI oTEND qTENToTEMRGTENS o TENED
— TFM1=TEM3-TEN]
4N ToM22TCNa =T EM2
S TEMOZTEWLOTEMIeTEM2 A YEPD
Y BLTACID=ATAR2(TEMZ 4 EPL)
N BITCIN=C1E J/PIVeRETA(I)
0 PTP(I-1)=SGPTLTEMF)
o GP(I=1)=20,¢AL0CIC(OTP(L-1))
C CALCULATES PSN/FE2 -INCLLOING R=HRANCH
. 1252
e TEMF=RTN(I)eAD(T)
D CSAT1=COS(TEMP)
- SATIZSINCTEMF)
S8X) TEMEZANCI D) ADC ")
ss« o ASG!=CrSHET T MF)
-’ ARG 2ZSINH(TEMP)
TEMzAIGleC AT
Xy TEM Tz ENG2+<tRA]I
Ay AZATI=AZGTCID
4\3 RZVTIZHZOT(I)
N AZINT=A2TINCT)
! RZINIZB2INCI)
1N CALL CMPOVITEM7TEM 4A2°TT¢B297: sAZINT4R2INT)
CALL CNPMF{TENS qTENGQTENT G TEMRYTENLGTEN?)
TEM3=ASGReCB]L
e TeMszAIGL T MRT)
st TEvazazan(])
- TEMINZHZONCT)
e CALL CMPOVITEPMT(TEMS gAZCTIoRZOTI o TENGSTENLT)
g CALL CMPMFCTEN; JTEYZ9TEMT G TEMP o TENS G TEVG)
] TE1=TI(M3="¢W]
Tru2zTIpa=" (P2
o TEMEZTEML e TEMLI@TEM2TEND
s RITACTIZATAR2(TEM2, EPL)
e REZ (112019 L/PTIeRITACI)
S RTI(I=L")=C6RTCTLVF)
YR 6PC1-121=2 «»ALIGL (RTP(I=12))
s C CALCULATES PR2/Fe3 AND PE3/Poe
h 2, DC 45 Tz63,¢4
TEME=ZRA NCIIAT()
A C3RT1=COSC(TEMP)
o SHIIITIIN(TEMF)
. TEAP AN (I Ve AD(])
N ACG L zCProM (T [™F)
AN A3 INM T EMED
et TFw zAZG1«CBI1
TEv2z8962050 K11
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€ IF(RETAIRWGEL~TPTY CO TC 57
R:TALFz2RZTAJFRTF]
62 T3 %¢
ST RLTALD=(1F~./PL)eRETALR
¢ NETTF(E 4701 DY WRFT1 g PETAIDGPTIHETARD
Lo | FOIMAT O g F " 30 N oFl1e0 92X 0F114002XeF110242XeF11,4)
N  DRT1(M1zGPT1
h A-16

R AZ2TKI=AZINCY)

. AZ2TNIZRZINCD)
CALL CVMPOVCTEMT oTEP  oAZINIL1 oBZINTIL1AZINTZB2ZINT)
CALL CHPMFOTEPIoTEMAZTEMT TEMRTEPL 4 TEV2Y
TEMS=AFRR2eCIATY
TEMG= AT Gle"AR]]
TEMIZAZ2AN(T)
TEMLIA=RZPNCT)
CALL CMPOVUTEMT oTEMA ¢ A2INI1 9BZIATL o TENMT 4 TEMIC)
CALL CVFMFOTENM] +TEMZoTEFToTEPBeTEPS o TENME)
TEMI=TEP3I-TEM]
TEM2=TENMR=TFMZ
TEMF=TENTOTEMI@TEMDOTEND
RCTACII=ATAN2ATEMZ ¢ TEVL)
ASTCINI=(1?® J/PIDeRETA(CD)
PTP(I=1)=SOQRT(TEMF)

A% RRlT=1)2274¢ALOCLI(FTP(T~1))
C CALCULATES GATN 41/¢3

ERLDBED!

DY a6 I=81,°C
A€ QINTI=CTPTI«RTIP(])

RTPT1=FTFTLI«RTP(62V*RTP(63)
GPTIZ27 «*ALTGIT(FTPTY)
€ CALCULATES GAI* 19/¢3
TP T2=1
07 &7 121948
a7 TP TI2=CTPTID«RTP(I)
RYDPY2=FTFT s RTPT]
GTT 222 «*ALCGIC(RTPYIQ)
€ CALCULATES GAIN 11/¢€3
QIPTI=CTPTI«PTPLI#)*RTIPILITISRTF (11}

( RPT 32204 eALFGIN (RTPT3)
e € COLCULATES FHATE ANLGLE 42768
- R-TALe="
DY 88 1242,
6 RETALA=RETALRSRETACT)
NT 89 I=2€24€4
4 BETALR=RETAIRSRETACID)
C CALCULATES FHASE ANGLE C7/54
HFTA2R="
nr oS 127,61
A HETA2R=RETAZR4BETA(I)

B TA2R=9 TAIR+BETALY

RETA2D=C€19" o /FIVeRTTA2R
€ CALCULATES FHATL ANCLE 17/¢6

RZTAJR:"

DT 21 217415

<1 RTTAJZR-RETATPRETALD)
R:TAJRzRITARRARETAZS

S< TFCRITAXAaLEela) 6L TC =3
RITAVA=RITRAIP-TF]
G 1IN <2

7 IFCRCTAO ,GEu=TFI) CO T7 5S4
RITABRZRCTATRSTFL
35 10 53

S5e BETA3ZD=(187 «/PIV*RETAJF

te TFCRETAIS«LEel o) GO YC €6

RFTALR=RETA]P=TP]
66 T 33
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N awn(u; -y
PHASEL(VMI=ACTALD
PHASEI(MIZHFTAZD
L CIMTINUE
G2 10 (3S4F11)49IND
as Y=,
OW=1e
NST =270
1*D=2
6C Y0 40

e AN SR P PP NGO P00 000100 CLARIIR0000R0A00000000000R00RRCRR0RROIEARERTS
00t eI AN 0aeN0ICEOPINNEcPINNteRcntitetetttedaonachedceactacaacas
P AL AR N AP PP N O RE0dt st tNestiRneettenit et scndentetastosses
0 00 ac 0 R0 000000 0000000 1CR I B0t tettdtnstacenstedtnedetnntteteness
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THIS SECTINK IS FOR THE CALCCPP PLOTYTER, CNEC SET OF
EXFESIMPNTAL DAY A PUST Bt INCLUDED WITH EACH RUY,

NPTS IS THE MUMREF CF EXFERIPENTAL PCIANTS YO BE INPUT.
LS¥A1 IS5 THF PLCTTER SYMBCL TO RE USED FOR GP1 AND PHTl.
LS¥83 I3 THE FLCTYER SYMACL TC BE USED FCR 6P AND PHT3.
ST A CALCCMP PLCTTER USERS MANUAL FOR DESCRIFTION,
FO QP 4PRIGPF] 4PHSI¢PHS1 oFACTFHR3y AND PHR] ARE THE INPUT
EXPERINMENTAL VALUES.
F2CQ IZ THF MEASUFEL FREGUENCY,

3 IS THE MTASURED INPUT DYNAMIC PRESSUPE,
PEY I3 THE MFASUPED DYNAMIC PRESSURE AT THE END OF THE LINE.
PCY IS5 THE VYEASURED OYNAMIC PRESSLRE UPSTREAM OF VEMTURI.
PHI3 IS “+f DIAL FEMDING ON THE CSCILLCSCOPE WHERE THE
i~PUT ZIGHNAL CRCSSES THE ZEPO AXIS ON THE SCOPE MFAS-
USTANG THE < GNAL AT THE END OF THE LINE.
PH31 15 TEZ DIAL READING ON THE CSCILLCSCCPE WHERE THE
I*PUT SIGNAL CFCSSES THE ZERO AXIS ON THE SCOPE MEAS-
USIKG THE ZI6NAL UPSTRFAM OF THE VENTURI.
FACT [5 THF MULYIPLYING FACTYOR ON THE CSCILLOSCOPE IN
MILLISECCNNS/COATIMCTER,
PHII AND PHF1 ARE T#E DIAL FPEADIAGS ON THE CSCILLOSCOPES
WHT2E THL -~ IGNAL AT THE END OF THE LINE AND UPSTREAM OF
TH. VEANTURT (RESPECTYIVELY) CRCSS THE ZEPC AXIS ON THE
AFPINPRTATE SCrFE,

THE FROGIA¥ THEN FIADS (FH33-PHRJ) ANC PULTIPLIES THIS
DIFFEPENCE YIMES THE FACTCR TC GET THE PHASE SHIFY IN
HILLISTCONDS.
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611 IFCICATIST 2980061
€10 CALL SCALE(TRT] 4SeeV,el)
CALL SCALECUFRTXsSesMyl?
CvG(MalY=C,
QYR (Me V=2,
CALL AY'SC. oete sl THFREQUENCY (HFERTZ)9=1798eeNe e OMG(Ne]1) gOMG(Ne2))
CALL AXISC o9 ael=HGAIN (DECIBELS)9154Ce99M e 9ORTI(Mel),
eONT 3(Mal) )
CALL LINEEr VG oDRT3ePel ¢ ed)
2k ) FCINMAT(EN 4] AC)
REANCS¢ZI4)ICASE (1)
READ(S ¢ DAFTS LIMBL 4LSPPI
MZTUTEC= ¢2C *ICAZE(L)
273 FRIMATCIN 42 82)
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L=

D3 &9 [=14NPTS

READCS o« VFFEQePCoPRIGPRI yPHIIWPHS] oF ACT ¢ PHRIGWPHRY

PHY 1 =(PHS1-FHF1 )eFACTOFFENRe: 436

PHY 3=(FHS3I=FHRIDeFACT*FREQe{ o 36

GPl 22" o*ALCGIC(PRI/F)

GP3 =2 4+AL GIY(PRI/FS)Y

WET TECS o2  IFRLQ¢SF1 oPHTL 9GP JoPHTI

FORPAT( X ¢TFlZ2eD)

DR (IVY=GP1

DR3I(II=GP}

OMSXCIVZFRIN

IFCPHTI,EC,") GO TC 6¢

J=yg+1

PHLI(JIZPHT2

OWGR3(JI=FEQ

JMANZY

TF(CHTI 4Z6s)) GC TC €S

LIt e+l

PHI (L)=PHT]

OMGFIC(LIZF<EQ

LMaw=L

CONTIMNUE

QWGP TS el )=CUG(Ms])

DNY (NPTS+1)=DRY1(M+?)

DRI (NPTSe1)=DRT3(VMe])

OMFSNINFTSe IZCMGINM+T)

DRYL (NPTSe2)=DRT1(Me+2)

DRIC(YUPTSe2I=DBRTI(M+D)

CALL LTREC MGX9DBIsAPTS el ,~1eLSMBI)

CALL PLAT(I! o7 e' o=23)

CEALL CCALE(FHA Z1e5e9Vel)

CALL SCALECFHA F39SegMyi)

CA_L AXTS O oo’ e ol THFPEGLENCY (HERTZ) g=1T7 9600l aoCMGIMe1) qOMG(M22))
CALL AXTSU( o9! « 021HFHAST ANGLE (DEGREESD 421954920 eoPHASEI(Me]),
SPHATCI(MeD Y)Y

CALL LINECCVMGePHASE 2oMyel 90y 3)

OWAECI(LVAXS])=2PG(Me1)

OVUREL(LPAXNST I VMG (M)

OMGEI(JPAXCI=DVMG(Vl)

OMFEICJPANS ) =SPGINMI2)

PHL (LYAXe LI =PHRACE (Vo)

PHI(JYaXe1)=PHASE3(NMe])

PH, (LMAXe2)=CHASEL(Ve2)

PHI(IMANSIPHA E3(Fe2Y

CALL LTHEC( VMRPI¢PHI sUNMAXgle~1,4LSVMAEY)

CALL PLIT(IM a4y 9=3)

CALL AYISL oo ool THFREQLENCY (HEFTZ)o=1T79F a oo CMG{Me1) yOMG(Me2]))
CALL AX S 49"« 9l1SHGAIN (DECIBELS) 1150599 eeNRTI (Mol
SDAT 1 (Me" 1))

CALL LINEC(CPGsURTI oMol 4y ¢8)

CALL LINCCCVGXoDRBI o AFPTSeloe~14¢L3VR1)

CALL PLEY (I "ol 0. 9=3)

CALL AYTS( o9T ool THFREQUENCY (HERTZ) 9=1TeRe90a e MMG(Mel) qOMG(Me2))
CALL AXISC o9le921HFHAST ANGLE (CEGREES) 92195000 eyPHASEL (ML),
PHATE I (Me2))

CALL LINE(r¥GoPHAST 1 9yMeleCoel)

CALL LIRECCPGF] oPHL oLPAXel9-19LCoVMHL)

CALL PLCTCIf aCoi 9=3)
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Py € CALCULATES FOCT COF A CCPPLEX NUMPRER
; SUIROUTINE FTCMPIX,YeAsB)
- CALL A GLETEMP AR r
o] TEMCz SaTEMF H
’., YzA*A+R+H 4
ju X=3GRTCY)
i X=5QRY(¥)
N YN SIN(TENMF)
‘N XEXSCLSITEVF)
v RETURN
END
" € PLLTIPLIES TWC COMFLEX AUPRERS
F. - SURPCUTINE CMPHF(XeVeAloA24B14B2)
- X=A)sR.-42e82 :
" Y=A1¢R7+A2+R] : ,
7:‘: RETURN
S END
C FINNS THE GUNTIENT CF TWC CCMPLEX NUMRERS
- SUBRQUTTIYE CMFOV(C19C29819A24B14R2)
oy TIMCzQR eQ1eNZep
e ClzAleHleAazeRBR2
o C1=C1/77Fmp
A Co=Pleal-Al*R2
[ €2:=(2/7tve
Y: RETLAYN
- c€nup
P! SURSQU TNF HSINKCAREGX)
- AZEXP XD
o B=IXP(~X)
: . ( N AzA-R
SN AIG=45+A
L - PETLRY,
F*n
"~ SURTIUTINE HCCEXCARCoX)
. Az XP ()
A R2TXP(=X)
§ AzASP
» AAGz,%~A
RETURN
. Mg
>
N SURAQUTINTG A*GL(C 98 +B)
oy DA A P'/3.141597¢/ )
35 C=AHS(R/A) :
¥ C=ATAM(C) .
) IF (A.CTL7,) 6N TC ¢
IA=1
| G - 7
e 5 xzz”o
-7 7 IF (BefT47.) GC TC IC
0y 1822
o 67 70 15 .
-.:, 10 IR=¢
- 1c 1Az[ A+ [Rs}
. GO TO €3343 ¢2342)014A
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.. 1RTY2)
X2 TEMP=AN1eCT Y
o T CALL MCCSXCAPEL ¢TEMP)
= CALL HSINXC(ARG: yTEMP)
TEYF=ATN1eDT]
. C3371=COS(TEMF)
§\ SNHIL=SIN(TEMEY
9 2Pz .o
N CALL CMPMFUTEF] ¢TE¥2¢AZTN20AZIN2 4 ARG 9 2P )
N CALL CYFMECTEMSoTEMO¢BZON19HZRAL9ARG2492R)
N CALL CMPMFUTEN: qTEMEQAZINZIRZIND 9ARG2¢2R)
CALL CMPMF(TENTZTEME ¢AZRN]1¢BZRAY 9ARGL 927 )
Al=TEM)eTEMY
TS BI=TEM2eTEMa
<. AD=TEM3eTEMT
. RZ=TEMEeTEMp
<a CALL CMFMFCTEN 4TE¥ oB14B1+CSATL420)
gﬂﬁ CALL CMPMFCYEN, gTEME9A24R24CSBI142P)
B2 CALL CMPMF(TEFT,TEM.i9ALl oBl o ZReSNRIL)
— CALL CMFMFCTENWIGTENG9A24B29y7ReSABI1)
N TEMISTENS4~EM)
< TEMAZTEMQeTEM?
S TEMI=TEWTeTENSE
Lo TEMA=TEM3aTope
“ CALL CMPDVCTENML oTEMZoTENZSTEMAQTEMT o TENR)
s CALL CMPMPUAZINYI¢BZIN1 o TEML yTEMZ 9 AZRNT +BZRNT)
PETURN
END
\1
.\‘, SURIOUTINE 7ER-ACCL «C24A1 9AZ ¢B1+B2)Y
::; D1=1,
- 2 e
N (- CALL CMPDV(ARGL yAFG2oC1 ¢D2¢A14AZ)
A \if CALL CWPDV(AFGT ¢AFGa 401 4D24H1 A7)
AGL1=ASGL AR
- ARG 2= APGR+AT GA
7.t CALL CMPDV(C14CZyD19D24ARGL 4ARG?)
Yol RETYRY
> E%D
- C CALCULATES Z FCT 3 LINCSS CCMING INTC 1
: SURRJUT INE ZERFA3I(D14D24A19A24R1 sR24C14C2)
€1=1
o Ec=)
fd CALL CMPOV(APG! ARG 9E14E29AL9AZ)
j ! CALL CYPDVIAPGI At GA4El 4£2eH19B2)
;ﬁ CALL CMEDVERRGS JASGE9E19E29C14C2)
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Figures 61-63 are schematics of the experimental

model with the signal input at lines 1, 2, and 3,

M0y respectively. The model lines entered in the computer
f.'.'

iﬁ program were numbered according to these schematics. The
e

559 line diameters and lengths for each case are given in Tables
525 IV-XI.

\.':‘

o Figures 64-66 are schematics of the ASTF lines with
Y

> signals input at legs 1, 2, and 3, respectively. The ASTF
~ lines entered in the computer program were numbered

o

F-. % according to these schematics. The line diameters and

e

< lengths are given in Tables XII-XVII.
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~ Table IV "
3 Case 1
:
2 Line | Diameter Length Line | Diameter Length
. in, in. in, in. .
4 N
# 1 0.375 0.020 35 1.117 0.0001 5
< 2 0.375 0.020 36 1.117 0.0001
y 3 0.375 0.020 37 1.117 0.0001
- 4 0.375 0.020 38 1.117 0.0001
5 0.375 0.020 39 1.117 0.0001
; 6 0.750 102.0 40 0.093 0.715
> 7 0.938 0.250 41 1.117 0.381
N 8 0.938 0.313 42 1.117 151.5
. 9 0.189 532,50 43 0.696 53.25
10 0.818 103.50 44 1.117 151.5
11 1.117 0.024 45 0.622 53.25
X 12 0.052 0.024 46 0.622 53.25 -
: 13 0.052 0.024 47 0.622 53.25 :
N 14 0.052 0.024 48 0.622 53.25 >
Y e 15 0.052 0.024 49 0.818 96.0
At 16 0.052 0.024 50 0.818 96.0
17 1.117 198.0 51 0.818 4.375
- 18 0.696 0.063 52 0.818 4.375
X 19 1.117 198.0 53 0.818 1.50
; 20 1.117 0.620 54 0.818 1.50
X 21 1.117 37.283 55 0.622 41.25 .
22 1.117 0.0001 56 0.622 41.25 N
v 23 1.117 0.0001 57 0.622 41.25 :
24 1.117 0.0001 58 0.622 41.25 .
Y 25 1.117 0.0001 59 0.818 108.0 R
¥ 26 1.117 0.0001 60 0.818 132.0 <
A 27 1.117 0.0001 61 0.818 90.0 ;
- 28 1.117 0.0001 62 0.818 0.0001 '
g 29 1.117 0.0001 63 0.0001 0.0001
~ 30 1.117 0.0001 64 0.0001 0.0001 -
- 31 1.117 0.0001 65 0.0001 0.0001 g
~ 32 1.117 0.0001 66 0.0001 0.0001 y
3 33 1.117 0.0001 67 0.001 0.0001 :
= 34 1.117 0.0001 68 0.0000 0.0000 :
0 -
& i
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Table V

Case 2

vy
LN A NS

. s

Diameter .
in.

Length
in,

Diameter
in.

Length
in.

-
QWAL WN KM

=
W

0.375
0.375
0.375
0.375
0.375
0.750
0.938
0.938
0.189
0.818
1.117
0.052
0.052
0.052
0.052
0.052
1.117
0.696
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117
1.117

0.020
0.020
0.020
0.020
0.020
102.0
0.313
0.625
532.50
103.50
0.024
0.024
0.024
0.024
0.024
0.024
198.0
0.063
198.0
0.620
37.283
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

1.117
1.117
1.117
1.117
0.093
1.117
1.117
0.696
1.117
0.622
0.622
0.622
0.622
0.818
0.818
0.818
0.818
0.818
0.622
0.622
0.352
0.093
0.818
0.818
0.818
0.818
0.622
0.622
0.818
0.0001
0.0001
0.0001
0.0001
0.0001
0.0000

0.0001
0.0001
0.0001
0.0001
0.715
0.381
49.45
0.063
151.5
53.25
53.25
53.25
53.25
96.0
96.0
4.375
1.652
1.50
41.25
41.25
0.063
0.625
1.750
108.0
90.0
132.0
41.25
41.25
1.50
0.0001
0.0001
0.0001
0.0001
0.0001
0.0000
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;:'5 Case 3
<
2
Line | Diameter Length Line | Diameter Length
in. in. : in. in.
1 0.375 0.020 36 1.117 0.0001
2 0.375 0.020 37 1.117 0.0001
3 0.375 0.020 38 1.117 0.0001
4 0.375 0.020 39 1.117 0.0001
5 0.375 0.020 40 0.093 0.715
6 0.750 102.0 41 1.117 0.381
7 0.938 0.250 42 1.117 49.45
8 0.938 0.625 43 0.696 0.063
9 0.189 532.50 44 1.117 151.5
10 0.818 103.50 45 0.622 53.25
11 1.117 0.024 46 0.622 53.25
12 0.052 0.024 47 0.622 53.25
13 0.052 0.024 48 0.622 53.25
: 14 0.052 0.024 49 0.818 96.0
~.! 15 0.052 0.024 50 0.818 96.0
16 0.052 0.024 51 0.818 4,375
R 17 1.117 198.0 52 0.818 1.652 :
ﬁ 18 0.696 0.063 53 0.818 1.50 .
o 19 1.117 198.0 54 0.622 41.25
. 20 1.117 0.620 55 0.622 41.25
A 21 1.117 37.283 56 0.352 0.063
22 1.117 0.0001 57 0.093 0.625
Q 23 1.117 0.0001 58 0.818 1.750
p." 24 1.117 0.0001 59 0.818 108.0
3 25 1.117 0.0001 60 0.818 90.0
e 26 1.117 0.0001 61 0.818 132.0
; 27 1.117 0.0001 62 0.622 41.25
28 1.117 0.0001 63 0.622 41.25
N 29 1.117 0.0001 64 0.818 1.50
(1 30 1.117 0.0001 65 0.0001 0.0001
e 31 1.117 0.0001 66 0.0001 0.0001
%j 32 1.117 0.0001 67 0.0001 0.0001
b 33 1.117 0.0001 68 0.0001 0.0001
34 1.117 0.0001 69 0.0001 0.0001
: 35 1.117 0.0001 70 0.0000 0.0000
N
3
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Table VII
Case 4
Line Diameter Length Line Diameter Length
in. in. in. in,
1 0.375 0.020 36 0.203 1.907
2 0.375 0.020 37 0.203 1.907
3 0.375 0.020 38 0.203 1.907
4 0.375 0.020 39 0.203 1.907
5 0.375 0.020 40 0.203 1.912
6 0.750 102.0 41 1.117 0.425
7 0.938 0.250 42 1.117 49.45
8 0.938 0.625 43 0.696 0.063
9 0.189 532.50 44 1.117 151.5
10 0.818 103.50 45 0.622 53.25
11 1.117 0.024 46 0.622 53.25
12 0.052 0.024 47 0.622 53.25
13 0.052 0.024 48 0.622 53.25
14 0.052 0.024 49 0.818 96.0
15 0.052 0.024 50 0.818 96.0
16 0.052 0.024 51 0.818 4.375
17 1.117 198.0 52 0.818 1.652
18 0.696 0.063 53 0.818 1.50
19 1.117 198.0 54 0.622 41.25
20 1.117 0.425 55 0.622 41.25
21 0.203 1.907 56 0.352 0.063
22 0.203 1.907 57 0.093 0.625
23 0.203 1.907 58 0.818 1.750
24 0.203 1.907 59 0.818 108.0
25 0.203 1.907 60 0.8.8 90.0
26 0.203 1.907 61 0.818 132.0
27 0.203 1.907 62 0.622 41.25
28 0.203 1.907 63 0.622 41.25
29 0.203 1.907 64 0.818 1.50
30 0.203 1.907 65 0.0001 0.0001
31 0.203 1.907 66 0.0001 0.0001
32 0.203 1.907 67 0.0001 0.0001
33 0.203 1.907 68 0.0001 0.0001
34 0.203 1.907 69 0.0001 0.0001
35 0,203 1.907 70 0.0000 0.0000
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Table VIII

.....................

Case 6
Line Diameter Length Line Diameter Length
in, in, in. in.
1 0.375 0.020 36 1.117 0.0001
2 0.375 0.020 37 1.117 0.0001
3 0.375 0.020 38 1.117 0.0001
4 0.375 0.020 39 1.117 0.0001
5 0.375 0.020 40 0.093 0.715
6 0.750 102.0 41 1.117 0.381
7 0.938 0.250 42 1.117 49.45
8 0.938 0.625 43 0.696 0.063
9 0.189 532.50 44 1.117 151.5
10 0.818 103.50 45 0.622 53.25
11 1.117 0.024 46 0.622 53.25
12 0.052 0.024 47 0.622 53.25
13 0.052 0.024 48 0.622 53.25
14 0.052 0.024 49 0.818 96.0
15 0.052 0.024 50 0.818 96.0
16 0.052 0.024 51 0.818 4.375
17 1.117 198.0 52 0.818 1.652
18 0.696 0.063 53 0.818 1.50
19 1.117 198.0 54 0.622 41.25
20 1.117 0.620 55 0.622 41,25
21 1.117 37.283 56 0.352 0.063
22 1.117 0.0001 57 0.093 0.625
23 1.117 0.0001 58 0.818 1.750
24 1.117 0.0001 59 0.818 108.0
25 1.117 0.0001 60 0.818 90.0
26 1.117 0.0001 61 0.818 132.0
27 1.117 0.0001 62 0.622 41,25
28 1.117 0.0001 63 0.622 41.25
29 1.117 0.0001 64 0.818 1.50
30 1.117 0.0001 65 0.0001 0.0001
31 1.117 0.0001 66 0.0001 0.0001
32 1.117 0.0001 67 0.0001 0.0001
33 1.117 0.0001 68 0.0001 0.0001
34 1.117 0.0001 69 0.0001 0.0001
35 1.117 0.0001 70 0.120 0.672
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“ case 7
Y .
s Line | Diameter Length Line | Diameter Length
in. in. in, in.
1 0.375 0.020 36 1.117 0.0001
2 0.375 0.020 37 1.117 0.0001
3 0.375 0.020 38 1.117 0.0001
4 0.375 0.020 39 1.117 0.0001
5 0.375 0.020 40 0.203 0.715
6 0.750 102.0 41 1.117 0.381
7 0.938 0.250 42 1.117 49.45
8 0.938 0.625 43 0.696 0.063
9 0.189 532.50 44 1.117 151.5
10 0.818 103.50 45 0.622 53.25
11 1.117 0.024 46 0.622 53.25
12 0.052 0.024 47 0.622 53.25
13 0.052 0.024 48 0.622 53.25
14 0.052 0.024 49 0.818 96.0
15 0.052 0.024 50 0.818 96.0
16 0.052 0.024 51 0.818 4.375
g 17 1.117 198.0 52 0.818 1.652
2 18 0.696 0.063 53 0.818 1.50
' 19 1.117 198.0 54 0.622 41.25
0 20 1.117 0.620 55 0.622 41.25
o 21 1.117 37.283 56 0.352 0.063
i 22 1.117 0.0001 57 0.093 0.625
a 23 1.117 0.0001 58 0.818 1.750
N 24 1.117 0.0001 59 0.818 108.0
s 25 1.117 0.0001 60 0.818 90.0
7ed 26 1.117 0.0001 61 0.818 132.0
NN 27 1.117 0.0001 62 0.622 41,25
- 28 1.117 0.0001 63 0.622 41,25
- 29 1.117 0.0001 64 0.818 1.50
o 30 1.117 0.0001 65 0.0001 0.0001
B 31 1.117 0.0001 66 0.0001 0.0001
o 32 1.117 0.0001 67 0.0001 0.0001
- 33 1.117 0.0001 68 0.0001 0.0001
- 34 1.117 0.0001 69 0.0001 0.0001
oca 35 1.117 0.0001 70 0.0000 0.0000
o)
0
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e Table X

3% Case 8

-.:,:

"3
o~ " Line Diameter Length Line Diameter Length

- in. in, in, in.

- 1 0.375 0.020 36 1.117 0.0001
3 2 0.375 0.020 37 1.117 0.0001
; 3 0.375 0.020 38 1.117 0.0001
: 4 0.375 0.020 39 1.117 0.0001

— 5 0.375 0.020 40 0.203 0.715
o 6 0.750 102.0 41 1.117 0.381
- 7 0.938 0.250 42 1.117 49.45

o 8 0.938 0.625 43 0.696 0.063

o 9 0.189 532.50 44 1.117 151.5
. 10 0.818 103.50 45 0.622 53.25
R 11 1.117 0.024 46 0.622 53.25

oy 12 0.052 0.024 47 0.622 53.25
e 13 0.052 0.024 48 0.622 53.25

L, 14 0.052 0.024 49 0.818 96.0
-3 (EZ' 15 0.052 0.024 50 0.818 96.0
i 16 0.052 0.024 51 0.818 4.375
o 17 1.117 198.0 52 0.818 1.652

o 18 0.696 0.063 53 0.818 1.50
2 19 1.117 198.0 54 0.622 41.25

Kt 20 1.117 0.620 55 0.622 41,25

e 21 1.117 37.283 56 0.352 0.063
' 22 1.117 0.0001 57 0.093 0.625
2 23 1.117 0.0001 58 0.818 1.750

LN 24 1.117 0.0001 59 0.818 108.0

-,-;2 25 1.117 0.0001 60 0.818 90.0
o 26 1.117 0.0001 61 0.818 132.0

o 27 1.117 0.0001 62 0.622 41.25

28 1.117 0.0001 63 0.622 41.25

- 29 1.117 0.0001 64 0.818 1.50
o 30 1.117 0.0001 65 0.0001 0.0001
s 31 1.117 0.0001 66 0.0001 0.0001

.7 32 1.117 0.0001 67 0.0001 0.0001

N 33 1.117 0.0001 68 0.0001 0.0001

- 34 1.117 0.0001 69 0.0001 0.0001
., 35 1.117 0.0001 70 0.120 0.672
5
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Table XI
Case 9
Line Diameter Length Line Diameter Length
in, in. in. in.
1 0.375 0.020 36 1.117 0.0001
2 0.375 0.020 37 1.117 0.0001
3 0.375 0.020 38 1.117 0.0001
4 0.375 0.020 39 1.117 0.0001
5 0.375 0.020 40 0.203 0.715
6 0.750 102.0 41 1.117 0.381
7 0.938 0.250 42 1.117 49.45
8 0.938 0.625 43 0.696 0.063
9 0.189 532.50 44 1.117 151.5
10 0.818 103.50 45 0.622 53.25
11 1.117 0.024 46 0.622 53.25
12 0.052 0.024 47 0.622 53.25
13 0.052 0.024 48 0.622 53.25
14 0.052 0.024 49 0.818 96.0
15 0.052 0.024 50 0.818 96.0
16 0.052 0.024 51 0.818 4,375
17 1.117 198.0 52 0.818 1.652
18 0.696 0.063 53 0.818 1.50
19 1.117 198.0 54 0.622 41,25
20 1.117 0.620 55 0.622 41.25
21 1.117 37.283 56 0.352 0.063
22 1.117 0.0001 57 0.093 0.625
23 1.117 0.0001 58 0.818 1.750
24 1.117 0.0001 59 0.818 108.0
25 1.117 0.0001 60 0.818 90.0
26 1.117 0.0001 61 0.818 132.0
27 1.117 0.0001 62 0.622 41,25
28 1.117 0.0001 63 0.622 41,25
29 1.117 0.0001 64 0.818 1.50
30 1.117 0.0001 65 0.0001 0.0001
31 1.117 0.0001 66 0.0001 0.0001
32 1.117 0.0001 67 0.0001 0.0001
33 1.117 0.0001 68 0.0001 0.0001
34 1.117 0.0001 69 0.0001 0.0001
35 1.117 0.0001 70 0.043 0.672
B-13
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Table XII
ASTF Case 1
Line | Diameter Length Line | Diameter Length
in. in. in, in.
1 0.0001 0.0001 37 51.34 3.59
2 0.0001 0.0001 38 54,84 3.59
3 0.0001 0.0001 39 65.46 3.59
4 0.0001 0.0001 40 76.92 3.59
5 0.0001 0.0001 41 95.82 3.59
6 180 180 42 264 158
7 108 84 43 258.67 24
8 108 84 44 264 52
9 72 1065 45 228 102
10 180 207 46 156 102
11 264 0.0001 47 120 213
12 0.0001 0.0001 48 120 213
13 0.0001 0.0001 49 180 192
14 0.0001 0.0001 50 180 192
15 48 65 51 108 84
16 48 54 52 108 84
17 264 462 53 108 0.0001
18 258.67 24 54 108 0.0001
19 264 306 55 108 0.0001
20 78.57 3.59 56 108 0.0001
21 70.38 3.59 57 108 0.0001
22 64.65 3.59 58 108 0.0001
23 59.73 3.59 59 180 216
24 55.65 3.59 60 180 264
25 52,38 3.59 61 156 102
26 49.11 3.59 62 156 102
27 48,27 3.59 63 0.0001 0.0001
28 47.56 3.59 64 0.0001 0.0001
29 45.84 3.59 65 0.0001 0.0001
30 45.00 3.59 66 0.0001 0.0001
31 45.00 3.59 67 0.0001 0.0001
32 45.00 3.59 68 0.0000 0.0000
33 45.00 3.59 69 30 54
34 45.00 3.59 70 0.0001 0.0001
35 45.84 3.59 71 24 61
36 47.46 3.59 72 0.0001 0.0001
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Table XIII

ASTF Case 2

~~~~~~~

Line Diameter Length Line Diameter Length
in. in. in. in,
1 0.0001 0.0001 39 65.46 3.59
2 0.0001 0.0001 40 76.92 3.59
3 0.0001 0.0001 41 95.82 3.59
4 0.0001 0.0001 42 264 158
5 0.0001 0.0001 43 258.67 24
6 180 180 44 264 52
7 108 84 45 228 102
8 0.0001 0.0001 46 156 102
9 72 1065 47 120 213
10 180 207 48 120 213
11 264 0.0001 49 180 192
12 0.0001 0.0001 50 180 192
13 0.0001 0.0001 51 108 84
14 0.0001 0.0001 52 0.0001 0.0001
15 48 65 53 108 0.0001
16 0.0001 0.0001 54 108 0.0001
17 264 462 55 108 0.0001
18 258,67 24 56 0.0001 0.0001
19 264 306 57 0.0001 0.0001
20 78.57 3.59 58 0.0001 0.0001
21 70.38 3.59 59 180 216
22 64.65 3.59 60 156 204
23 59.73 3.59 61 180 264
24 55.65 3.59 62 108 56
25 52.38 3.59 63 108 56
26 49.11 3.59 64 108 56
27 48,27 3.59 65 0.0001 0.0001
28 47.56 3.59 66 0.0001 0.0001
29 45,84 3.59 67 0.0001 0.0001
30 45,00 3.59 68 0.0001 0.0001
31 45.00 3.59 69 0.0001 0.0001
32 45.00 3.59 70 0.0000 0.0000
33 45.00 3.59 71 24 61
34 45.00 3.59 72 0.0001 0.0001
35 45.84 3.59 73 30 54
36 47.84 3.59 74 0.0001 0.0001
37 51,34 3.59 75 48 54
38 54.84 3.59 76 0.0001 0.0001
B-18
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Table XIV
ASTF Case 3
Line | Diameter Length Line | Diameter Length
in, in, in. in,
1 0.0001 0.0001 39 65.46 3.59
2 0.0001 0.0001 40 76.92 3.59
3 0.0001 0.0001 41 95.82 3.59
4 0.0001 0.0001 42 264 158
5 0.0001 0.0001 43 258.67 24
6 180 180 44 264 52
7 108 84 45 228 102
8 0.0001 0.0001 46 156 102
9 72 1065 47 120 213
10 180 207 48 120 213
11 264 0.0001 49 180 192
12 0.0001 0.0001 50 180 192
13 0.0001 0.0001 51 108 84
14 0.0001 0.0001 52 0.0001 0.0001
15 48 54 53 108 0.0001
16 0.0001 0.0001 54 108 0.0001
17 264 462 55 108 0.0001
18 258.67 24 56 0.0001 0.0001
19 264 306 57 0.0001 0.0001
20 78.57 3.59 58 0.0001 0.0001
21 70.38 3.59 59 180 216
22 64.65 3.59 60 156 204
23 59.73 3.59 61 180 264
24 55.65 3.59 62 108 56
25 52,38 3.59 63 108 56
26 49.11 3.59 64 108 56
27 48,27 3.59 65 0.0001 0.0001
28 47.56 3.59 66 0.0001 0.0001
29 45.84 3.59 67 0.0001 0.0001
30 45.00 3.59 68 0.0001 0.0001
31 45.00 3.59 69 0.0001 0.0001
32 45.00 3.59 70 0.0000 0.0000
33 45.00 3.59 71 30 54
34 45.00 3.59 72 0.0001 0.0001
35 45.84 3.59 73 24 61
36 47.84 3.59 74 0.0001 0.0001
37 51,34 3.59 75 48 65
38 54,84 3.59 76 0.0001 0.0001
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Table XV

ASTF Case 4

Diameter
in,

Length
in,

Diameter
in.

WOONNOMWU & WM

o
WN O

0.0001
0.0001
0.0001
0.0001
0.0001
180
108
0.0001
72
180
264
0.0001
0.0001
0.0001
48
0.0001
264
190.37
264
78.57
70.38
64.65
59.73
55.65
52.38
49.11
48. 27
47.56
45.84
45.00
45.00
45.00
45.00
45.00
45.84
47.84
51.34
54.84

0.0001
0.0001
0.0001
0.0001
0.0001
180
84
0.0001
1065
207
0.0001
0.0001
0.0001
0.0001
54
0.0001
462
24
306
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59
3.59

65.46
76.92
95.82
264
190.37
264
228
156
120
120
180
180
108
0.0001
108
108
108
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- Table XVI
¥ :1 ASTF Case 5
I
Ty
B Line | Diameter Length Line | Diameter Length
in. in. in. in.
1 0.0001 0.0001 39 65.46 3.59
2 0.0001 0.0001 40 76.92 3.59
3 0.0001 0.0001 41 95.82 3.59
4 0.0001 0.0001 42 264 158
5 0.0001 0.0001 43 190.37 24
6 180 180 44 264 52
7 108 84 45 228 102
8 0.0001 0.0001 46 156 102
9 72 1065 47 120 213
10 180 207 48 120 213
11 264 0.0001 49 180 192
12 0.0001 0.0001 50 180 192
13 0.0001 0.0001 51 108 84
14 0.0001 0.0001 52 0.0001 0.0001
15 48 54 53 108 0.0001
16 0.0001 0.0001 54 108 0.0001
2 17 264 462 55 108 0.0001
asi 18 182.90 24 56 0.0001 0.0001
w 19 264 306 57 0.0001 0.0001
% 20 78.57 3.59 58 0.0001 0.0001
X 21 70.38 3.59 59 180 216
22 64.65 3.59 60 156 204
s 23 59.73 3.59 61 180 264
s 24 55.65 3.59 62 108 56
e 25 52.38 3.59 63 108 56
% 26 49.11 3.59 64 108 56
™ 27 48,27 3.59 65 0.0001 0.0001
28 47.56 3.59 66 0.0001 0.0001
P 29 45.84 3.59 67 0.0001 0.0001
N 30 45.00 3.59 68 0.0001 0.0001
5,3 31 45.00 3.59 69 0.0001 0.0001
e 32 45.00 3.59 70 0.0000 0.0000
&) 33 45.00 3.59 71 30 54
34 45.00 3.59 72 0.0001 0.0001
N 35 45.84 3.59 73 24 61
o 36 47.84 3.59 74 0.0001 0.0001
N 37 51.34 3.59 75 48 65
n 38 54,84 3.59 76 0.0001 0.0001
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Table XVII

ASTF Cases 6-10

Line | Diameter Length Line | Diameter Length
in. in. in, in,
1 0.0001 0.0001 39 65.46 3.59
2 0.0001 0.0001 40 76.92 3.59
3 0.0001 0.0001 41 95.82 3.59
4 0.0001 0.0001 42 264 158
5 0.0001 0.0001 43 258.67 24
6 180 180 44 264 52
7 108 84 45 228 102
8 0.0001 0.0001 46 156 102
9 72 1065 47 120 213
10 180 207 48 120 213
11 264 0.0001 49 180 192
12 0.0001 0.0001 50 180 192
13 0.0001 0.0001 51 108 84
14 0.0001 0.0001 52 0.0001 0.0001
15 48 54 53 108 0.0001
16 0.0001 0.0001 54 108 0.0001
17 264 462 55 108 0.0001
18 258.67 24 56 0.0001 0.0001
19 264 306 57 0.0001 0.0001
20 78.57 3.59 58 0.0001 0.0001
21 70.38 3.59 59 180 216
22 64.65 3.59 60 156 204
23 59.73 3.59 61 180 264
24 55.65 3.59 62 108 56
25 52.38 3.59 63 108 56
26 49.11 3.59 64 108 56
27 48. 27 3.59 65 0.0001 0.0001
28 47.56 3.59 66 0.0001 0.0001
29 45.84 3.59 67 0.0001 0.0001
30 45.00 3.59 68 0.0001 0.0001
31 45.00 3.59 69 0.0001 0.0001
32 45.00 3.59 70 31 0.0001
33 45.00 3.59 71 30 54
34 45.00 3.59 72 0.0001 0.0001
35 45.84 3.59 73 24 61
36 47.84 3.59 74 0.0001 0.0001
37 51.34 3.59 75 48 65
38 54.84 3.59 76 0.0001 0.0001
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Appendix C

- Signal Analysis Equipment Specifications
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The dynamic response of a scale model of the Aeropropulsion
Systems Test Facility (ASTF) air supply ducting was determined
experimentally over a frequency range from 20-200 Hz. Blocked lines
with no flow and orifice terminated lines with a mean flow were used.
The experiments examined the effects of signal input on three
different lines and of using different size venturis. Gain and phase
were measured upstream of the venturi ana at the end of the line.

The experimental results were compared with the results of a
computer program based on Nichols' theory as modified by Krishnaiyer
and Lechner. With few exceptions, the gains were predicted within
+5 dB, and phase angles within +10%. This agreement between .
theory and experiment verified that the theory can be applied
successfully to large, complex systems and that the computer program
was running properly.

The verified program was then applied to the full-scale ASTF air
supply and results analyzed. The ASTF results show higher gains at
low frequencies and no reduction in the average gain with frequency.

o~ This was as expected for the large ASTF ducting, which ranges from
e 4-22 ft in diameter. ) '
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